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     Neogene upland gravels of the Mississippi River valley have been interpreted to be 
terraces of the ancestral Mississippi and Tennessee River systems.  The gravels are called 
the Citronelle Formation in Louisiana, Pre-loess gravels in Mississippi, Upland Complex 
in Tennessee and Arkansas, the Mounds and Grover in Illinois, and possibly the 
Windrow in Wisconsin, Iowa, and Minnesota.  Large arcuate topographic lows in the 
upland gravels of northwestern Mississippi have been interpreted by previous 
investigators to be paleo-meanders of a large Pliocene Arc (ancestral Mississippi) River 
estimated to have had seven times the discharge of the modern Mississippi River and 
have had its headwaters in Canada.  The present study explores that possibility by 
mapping gravel data from 97 wells in Illinois and gravel distributions of previous studies.  
The distribution of these Pliocene upland gravels allows a partial reconstruction of the 
course of the Pliocene Arc River system and its elevation from central Minnesota to 
Memphis, Tennessee along the modern course of the Mississippi River.  A longitudinal 
profile of the contoured surface of the base of the upland gravels was constructed and 
projected into southern Canada.  This profile shows that the base of the Pliocene Arc 
River floodplain would be ~30 m above the modern ground surface and that the Arc 
River in Canada used to flow across Paleozoic strata that have been removed by 
glaciation.  
     Within the northern Mississippi embayment 557 well logs reveal that the Pliocene 
Upland Complex of western Kentucky and Tennessee and Crowley’s Ridge in Arkansas 
has been displaced by east-striking normal faults.  The normal faults extend east and west 
of the margins of the Reelfoot rift thus suggesting that right-lateral simple shear has 
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extended from the Commerce geophysical lineament/fault to the Big Creek/Ellendale 
fault.  Within this strain model north-striking stepover structures are interpreted to have 
experienced local east-west compression and the east-striking normal faults are a 
consequence of local north-south extension.  The north-trending stepover structures have 























     This thesis is written in two parts because the two topics are related yet different.  It is 
also my intent to submit part 1 and part 2 as two separate papers for publication.  For that 
reason, parts 1 and 2 have their own abstract, introduction, method, discussion, 
conclusion, and reference sections. 
     The upland gravels (Upland Complex) that lie as discontinuous high-level terraces 
along the Mississippi River valley (MRV) have been the topic of debate for many years.  
Correlation among the many named gravels from Minnesota and Wisconsin south to the 
Gulf of Mexico is debated.  Most of these gravels are generally regarded as Pliocene in 
age.  Their position on the upland surfaces along the MRV led geologists to interpret 
them as terraces of the ancestral Mississippi River (Van Arsdale et al., 2007).  The 
identification of possible paleomeanders of the Pliocene Mississippi River in northwest 
Mississippi (Lumsden et al., in review) provided a stepping stone for the first part of this 
thesis, which focuses on the possibility that a large Pliocene Mississippi River (Arc River 
of Lumsden et al., in review) once flowed from southern Canada to the Gulf of Mexico.  
The size of these paleomeanders suggests that the Pliocene Mississippi River had 7 times 
the discharge of the modern Mississippi River.  Using structure contour maps of the base 
of the upland gravel from published data and data collected in this thesis provides insight 
into the Pliocene Mississippi River floodplain.  Longitudinal profiles made on these 
structure contoured surfaces also allows for the extrapolation of the base of the Pliocene 
Mississippi River northward into southern Canada to test the larger Pliocene Mississippi 
River hypothesis.   
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     The second part of this thesis focuses on the northern Mississippi embayment and the 
structure that is seen in the deformed Upland Complex preserved in western Kentucky 
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     The upland gravels along the Mississippi River Valley (MRV) have been a mystery 
for many years (Fig. 1.1).  The mystery surrounding these upland gravels is due to their 
uncertain age and origin.  These gravels are distributed along the MRV from Louisiana to 
northern Illinois and perhaps as far north as Minnesota.  North of the Mississippi 
embayment upland gravels overlie Mississippian through Pennsylvanian strata, whereas 
in the Mississippi embayment they overlie Cretaceous through Miocene sediments (Fig. 
1.2).  The upland gravels are predominantly tan to brown chert gravel and sand found on 
surfaces interpreted as terraces of the pre-glacial, southerly-flowing Mississippi River 
(Van Arsdale et al., 2007).  These gravels have been called the Citronelle Formation in 
Louisiana (Doering, 1958), Pre-loess terrace deposits in Mississippi (Dockery, 1996), 
Upland Complex in Tennessee and Arkansas (Autin et al., 1991), Lafayette gravel in 
Kentucky (Potter, 1955a), Mounds Gravel in Missouri (Harrison, 2002), and Grover and 
Mounds gravel in Illinois (Willman and Frye, 1970).  In Minnesota and Wisconsin 
similar gravels are called the Windrow Formation (Andrews, 1958), but some contend 
that the Windrow is Cretaceous in age and thus unrelated to the younger upland gravels 
(Willman and Frye, 1970).   
     Salisbury (1895) was the first to point out the similarity between the northern gravels 
of Minnesota and Wisconsin to the southern gravels of the Mississippi embayment region 
and concluded that this northernmost gravel was pre-glacial and that it represented a 
remnant of a formation, which was once widespread.  Salisbury (1895) focused on the 
driftless area in Minnesota and Wisconsin and noted that chert pebbles found in smaller 
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quantities in the driftless area were quite similar to the thicker beds that comprised the 




Figure 1.1.  Proposed course of the Pliocene Arc (Mississippi) River from Ontario, 
Canada to Memphis, Tennessee and profile location of Figure 1.10.  Solid red line is 
where Pliocene Mississippi River terraces remnants exist, dashed red line is area of 
possible Pliocene terrace preservation, and the dotted red line is a projected route of 
the Pliocene Mississippi River. 
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glacial age of the gravels, Salisbury postulated that this high-level gravel had largely been 
removed from the landscape by glacial scouring.      
     The upland gravels preserved along the MRV in north-central Illinois and the St. 
Louis, Missouri region are called the Grover gravel.  Horberg (1950) and Rubey (1952) 
conducted geomorphic and mineralogical studies respectively of the Grover and were 
convinced of its relation to both the Windrow Formation to the north and the Mounds 
gravel to the south.  Rubey (1952) noticed that the distribution of the Grover gravel in 
west central Illinois was a relatively narrow belt 60 miles long between the modern 
Mississippi and Illinois Rivers.  Further north in the counties along the Mississippi River 
in Illinois, Horberg (1950) found other scattered deposits of the Grover gravel.  The 
Mounds gravel, the apparent southern Illinois equivalent of the Grover gravel, is found 
extensively in extreme southern Illinois and along the Mississippi embayment margin in 
southeastern Missouri (Middendorf, 2000).  Nelson (2003) notes the distribution of the 
Mounds gravel between the Cache and Ohio River valleys and believes that the Mounds 
gravel represents a coalescing alluvial fan deposit from the ancestral Tennessee and 
Cumberland Rivers (Potter, 1955b).   
     The upland gravels in the northern Mississippi embayment, now locally called the 
Upland Complex, were studied in depth by Potter (1955a and b) who called them the 
Lafayette gravel.  Potter (1955a) focused on the mineralogy and petrology as well as the 
geomorphic relationships of the upland gravels.  Through heavy mineral studies Potter 
(1955a) concluded that the upland gravels were sourced from the ancestral Ohio River 
and from the northern United States and were pre-glacial.   





Figure 1.2.  Stratigraphic column of southern Illinois and the northern Mississippi 
embayment (Kolata and Nimz, 2010).   
 
      
     Attempts to reconstruct the pre-glacial drainage of the Mississippi River Valley have 
been done, including the use of structural control to hypothesize Pliocene stream 
locations (Anderson, 1988) (Fig. 1.3) and approaches based on the location of bedrock 
valleys (Horberg, 1950; Herzog, 1994) (Fig. 1.4).  Anderson (1988) suggests that using 
bedrock valleys that were later modified during Pleistocene glaciation is virtually 
impossible, but Horberg (1950) believes that although some glacial erosion of the 
bedrock valleys took place, their location is primarily of pre-glacial origin, and can be 
used to determine pre-glacial drainage lines.  Horberg (1950) and Nelson’s (2010) 
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distribution of Grover and Mounds gravel in Hancock, Adams, and Pike counties in 
Illinois and in Muscatine County, Iowa (Fig. 1.5) seem to show the path of the Pliocene 
Mississippi River as being along the river’s modern path.  The presence of upland gravels 
in central Illinois near the early Pleistocene deep stage route underlying a segment of the 
modern Illinois River suggests that there may have been a Pliocene course through there 
as well (Figs. 1.4 and 1.5).   
     More recently Nelson (2010) added new locations of Pliocene gravels in Illinois (Fig. 
1.5). Nelson (2010) like Horberg (1950) shows the path of the Pliocene Mississippi River 
near the Princeton and Middle Illinois bedrock valleys (Figs. 1.4 and 1.5). 
 
Windrow Formation 
     The Windrow Formation of Wisconsin, Minnesota, and Iowa is located predominantly 
within the driftless area of Wisconsin, but also occurs in some glaciated regions of 
Minnesota and Iowa (Fig. 1.5) (Horberg, 1950).  The Windrow Formation includes two 
distinct members, a lower Iron Hill member and an upper East Bluff member.  The Iron 
Hill member is an iron oxide replacement deposit consisting of limonite covered boulders 
of the underlying bedrock.  The East Bluff member, which may be an equivalent of the 
upland gravels further south, is a fluvial deposit containing brown chert and sand 
(Andrews, 1958).  The composition of the East Bluff member is described as very similar 
to the Grover gravel of Illinois and shows some of the same characteristics (Andrews, 
1958).  Highly polished chert gravels are a distinctive aspect of the East Bluff member as 
well as the Grover gravel in Illinois. 
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Figure 1.3.  (A) Proposed pre-glacial drainage patterns of the upper MRV with the 
trunk stream flowing south through Wisconsin into Illinois. (B) Map of structure in 
the upper MRV that is hypothesized to have controlled the pre-glacial drainage 
pattern (from Andrews, 1988). 
 
 
Heavy mineral analysis by Andrews (1958) showed similarities between the Grover and 
Windrow gravels, but was not conclusive as to whether they were equivalent.  
     The age of the Windrow Formation is not known.  Based on its stratigraphic position, 
the Windrow falls between post-Devonian and pre-Pleistocene range of ages.  Cretaceous 
is the most common age ascribed to the Windrow based on fossil leaves and shark teeth 
found in the similar Cretaceous Dakota gravels in Iowa and Minnesota.  The abundance 




the Windrow Formation in Wisconsin and their rarity in Minnesota lead to uncertainty 
about its age (Andrews, 1958).   
 
Grover gravel 
     The Grover gravel of west-central and northern Illinois and St. Louis County, 
Missouri closely resembles the Mounds gravel of southern Illinois.  In addition to tan 
chert gravel it contains pebbles and boulders of pink and purple quartzite, jasper, 
ironstone, and Lake Superior Agate.  Although most of the gravel is 2-10 cm in diameter, 
boulders with diameters of 60 cm are also found (Rovey, 2012). In west-central Illinois it 
is similar to the Mounds gravel, which lies upon upland surfaces below till and loess; 
however, at its type section in western St. Louis County, Missouri, it is at upland and 
lower levels and overlies glacial till in one location (Rubey, 1952).  This apparent 
discordance of a probable Pliocene deposit lying atop Pleistocene till is probably an 
indication that this is reworked Grover gravel washed down from an insitu upland 
location (Rovey, personal communication).   
 
Mounds Formation 
     The Mounds Formation gravel and sand is widely distributed across the tip of southern 
Illinois (Nelson et al., 2003) and also in southeastern Missouri (Harrison et al., 2002).  It 
is exposed in many roadcuts and gravel pits within that area.  The Mounds in southern 
Illinois is found at three different terrace levels and is heavily faulted (Nelson et al., 
2003).  The Mounds gravel in Missouri has been identified as such in many counties, 




Figure 1.4.  Pre-glacial Bedrock valleys of Illinois (from Herzog et al., 1994). 
 
 
the St. Robert Formation (Middendorf, 2000).  In these cases the unit is described as 
identical to the Mounds, but with local variations due to a local gravel source being the 
9 
 
Ozark Mountains.  Pliocene upland gravels in Missouri will hereafter be referred to as the 
Mounds gravel.  
     The Mounds is a medium-to-dark-brown chert gravel.  The chert gravel is rounded to 
well-rounded, usually glossy, and is 5-7 cm in diameter, but is larger in some places.  
Cross-bedding and heavy mineral studies have shown that in southern Illinois, the 
Mounds was transported westward down the Tennessee River Valley. However, the 
Mounds gravel near the Mississippi River and in the northwestern Mississippi 
embayment contains chert, agate, and quartzite similar to the Lake Superior region 
suggesting there was also a northern source (Willman and Frye, 1970).   
 
Upland Complex 
     The Upland Complex is a tan-to-brown chert fluvial gravel and sand deposit found in 
western Tennessee and Kentucky and on Crowley’s Ridge in Arkansas (Van Arsdale et 
al., 2007) (Fig. 1.6).  Potter (1955b) described the origin of the Upland Complex as a set 
of coalescing alluvial fans that were deposited by the ancestral Tennessee, Ohio-
Cumberland, and Mississippi Rivers as they drained an epeirogenic uplift into the 
northern Mississippi embayment.  More recently the formation in western Kentucky and 
Tennessee and eastern Arkansas has been interpreted to be a high-level terrace of a south-
flowing ancestral Mississippi and Ohio River system and is regarded as Pliocene in age 





Figure 1.5.  Map of “Pliocene” upland gravel distribution from Horberg (1950), 
Nelson (2010), and wells interpreted at the Illinois State Geological Survey in this 
study.  The central Illinois course of the Pliocene and Pleistocene Mississippi River 




Figure 1.6.  Structure contour map of the base of the Upland Complex in western 
Tennessee and Kentucky (404 wells), Crowley’s Ridge in Arkansas (153 wells), and 
the base of the Mississippi River Quaternary alluvium (3,374 wells).  The base of 
Quaternary alluvium longitudinal profiles are shown in Figure 1.9.  EL = Eastern 
Lowlands, WL = Western Lowlands, J = Jonesboro, NM = New Madrid.   
 
 
the Eocene Jackson, Claiborne, and Wilcox Formations and is disconformably overlain 
by Pleistocene loess (Fig. 1.2).  The base of the Upland Complex in western Tennessee 
and Kentucky slopes to the south, and the unit thickens westward until it is erosionally 
truncated by the Mississippi River.  The Upland Complex is also preserved on Crowley’s 
Ridge in northeastern Arkansas, a north-trending topographic ridge within the lowlands 
of the MRV.  The area between these belts of Upland Complex is the Eastern Lowlands, 
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which is filled with Quaternary alluvium (Fig. 1.6).  The Upland Complex gravel is 
thought to have spanned across the Eastern Lowlands in a vast Pliocene floodplain of the 
ancestral Mississippi and Ohio River system (Van Arsdale et al., 2007).  Markin et al. 
(2010) conducted consolidation tests on clays taken 5 m from the base of the Upland 
Complex in northwest Mississippi and determined the maximum sustained overburden 
stress that had been applied to the Upland Complex.  They calculated that at least 35 m of 
overburden was present over the basal 5 m of the Upland Complex, thus indicating that in 
northwest Mississippi the Upland Complex was at least 40 m thick at some time in its 
history and Van Arsdale et al., (2007) believe that it could have been as thick as 100 m. 
 
Arc River 
     The various upland gravels are all terrace deposits sitting on upland surfaces along the 
MRV.  All of the upland gravels, with the possible exception of the Windrow Formation, 
appear to be Pliocene and are all made up of tan-to-brown chert gravel and sand with 
minor quartzite and agate clasts.  The reasonable assumption is that they are remnants of 
essentially the same formation with local variations.  These discontinuous gravel deposits 
(terrace remnants) appear to be what remains of the Pliocene Mississippi River floodplain 
that once flowed to the Gulf of Mexico.  
     Lumsden et al. (in review) suggest that three arc-shaped topographic lows within the 
Upland Complex in northwestern Mississippi may be paleo-meanders or paleo-oxbows of 
the Pliocene Mississippi River (Fig. 1.7).  The topographic lows are within the Upland 




Figure 1.7.  Topographic lows that have been interpreted to be paleomeanders or 
oxbows of the Pliocene Arc River in northwest Mississippi 30 km south of Memphis, 
Tennessee (modified from Lumsden et al., in review). 
 
 
The paleo-meanders measure 17-20 km in diameter, whereas the modern Mississippi 
River meanders average 5-6 km in diameter.  Lumsden et al. also suggest that the 
dimensions of these paleo-meanders make the Pliocene river discharge as much as seven 
times larger than the modern Mississippi River.  Cross-bedded gravel within the 
paleomeanders show a wide range of flow directions indicative of a meandering river.  
Lumsden et al. (in review) believe this large Pliocene river discharge would have 
required special circumstances to reach this size.  Two possible scenarios are that 
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precipitation in North America was substantially greater during the Pliocene, or 
alternatively, the Pliocene Mississippi River had a much larger drainage basin. 
      Although evidence for a warmer Pliocene does exist, the amount of precipitation is 
harder to quantify and studies on this have been inconclusive (Lumsden et al., in review).  
Since the Mississippi River drainage basin is bounded by the Rocky Mountains on the 
west and the Appalachian Mountains on the east, Lumsden et al. suggest a larger Pliocene 
drainage basin that extended north into Canada to near Hudson Bay.  These authors 
propose that if the Pliocene Mississippi River drainage did extend into Canada, the chert 
of the upland gravels could have been derived from the Paleozoic formations that once 
covered the southern Canadian shield (Lumsden et al., in review).   
 
Distribution of the Upland Gravels 
      The northern extent of the pre-glacial (“Lafayette-type”) upland gravels in the 
northern MRV was mapped by Horberg (1950) (Fig. 1.5).  Horberg (1950) believed the 
ancestral Mississippi River flowed from its present location in north central Minnesota 
along the modern Mississippi River course until it reached Rock Island County, Illinois 
(Fig. 1.5).  From this location, the Pliocene Mississippi flowed southeast above the 
Princeton bedrock valley until it reached the area of the Middle Illinois valley and 
followed the present course of the Illinois River southwest until its confluence with the 
modern Mississippi River south of Calhoun County, Illinois.  From this point south, 
Horberg (1950) has the Pliocene Mississippi River following its modern course (Fig. 
1.5).  Nelson (2003) added more Grover gravel locations in central and western Illinois 
and outlined the vast extent of the Mounds gravel in southern Illinois (Fig. 1.5).  South of 
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the locations in Illinois and Missouri, Van Arsdale et al. (2007) delineated the 
distribution of the Upland Complex from lignite exploration wells in western Tennessee 
and Kentucky as well as on Crowley’s Ridge (Fig. 1.6).   
     Upland gravels extend south of Memphis, Tennessee (Autin et al., 1991), but in this 
study only upland gravels north of Memphis are discussed.  As stated above, the northern 
limit of mapped Pliocene upland gravels is in Minnesota and Wisconsin within the 
driftless area (Fig. 1.5).  Any Pliocene upland gravel further north, if it existed, has yet to 
be mapped or was removed by Pleistocene glacial erosion. 
 
Deep Stage Drainage of the Pre-glacial Mississippi River 
     Neogene erosion surfaces have been mapped in Illinois by Horberg (1950).  The major 
surfaces from oldest to youngest were the Dodgeville, Lancaster, McFarlane, and 
Havanna.  Beginning in the Neogene, the Dodgeville erosion surface covered portions of 
northern Illinois and the driftless area.  The Lancaster surface located in Calhoun, Adams, 
Pike, and Rock Island counties locally has overlying Grover gravel (Fig. 1.5).  At some 
time during the formation of the Lancaster surface, the major drainage lines of the 
Pliocene Mississippi River were locally above the Princeton and Middle Illinois bedrock 
valleys.  The McFarlane surface was widespread across central and southern Illinois and 
Horberg (1950) believes that deposition of the Pliocene upland gravels also took place 
during this time in some locations.  During the late Pliocene Havanna erosion cycle, the 
major pre-glacial trunk stream of the Mississippi River entrenched as did the Mahomet 
River (Figs. 1.4 and 1.5) (Horberg, 1950).  This entrenchment event was probably due to 
changes in sea level that occurred near the Plio-Pleistocene transition.  The deposition of 
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Nebraskan tills in these deep stage bedrock valleys is evidence of their formation during 
the late Pliocene or early Pleistocene (Horberg, 1950).   
 
METHODS 
    In this study, 137 additional upland gravel locations are identified (Figs. 1.5 and 1.8).  
Illinois, being the state with a lengthy border along the Mississippi River and an 
extensive geologic well log library, was a prime candidate to look for previously 
unidentified upland gravel locations. Thus, a visit to the Illinois State Geological Survey 
was made to examine well logs for possible upland gravels.  The examined geologic well 
logs were restricted to the Illinois counties that border the modern Mississippi River 
because Horberg’s (1950) work revealed upland gravels in this location.  Only wells at 
higher elevations in upland areas outside of modern floodplains were selected.  Ninety 
seven wells (Fig. 1.5) were found to have tan or brown rounded chert gravel and sand 
with descriptions similar to published descriptions of the Mounds or Grover gravel in 
Illinois.  The gravel in the well logs is on bedrock and beneath till or loess.  Since the 
thickness of the Mounds gravel rarely exceeds 7 m (Nelson, 2003) and the Grover gravel 
is rarely more than a meter thick (Rubey, 1952) only gravel layers close to this thickness 
range were mapped.  The well logs often contained glacial till and these gravel rich 
sediments were obviously not included in the dataset.  The 97 well logs also contained 
elevations for the base and top of the gravel which were recorded along with their 
location.  Location of the wells was originally recorded in Township, Range, and Section 
coordinates. Using maps from the Illinois State Geological Survey, the Township and 
Range coordinates of the wells were converted to latitude and longitude.  In addition to 
the 97 ISGS well logs, 40 data points with basal elevations of the Mounds gravel were 
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obtained from geologic quadrangles in southern Illinois and in southeastern Missouri 
(Nelson et al., 2003; Middendorf, 2000) (Fig. 1.8) (Appendix A).   
 
Structure Contour Maps 
     A structure contour map was made of the 97 wells from Illinois, 40 data points from 
quadrangles in southern Illinois and southeastern Missouri, and 404 lignite exploration 
wells containing the Upland Complex in western Tennessee and Kentucky (Fig. 1.8).  A 
separate structure contour map of the base of the Upland Complex on Crowley’s Ridge in 
Arkansas (153 wells) was constructed and is included in Figures 1.6 and 1.8 (Bresnahan, 
2004).  A contour map of the base of Mississippi Quaternary alluvium was also made 
from lignite exploration well data (Fig. 1.6) (Csontos, 2007).  Structure contour maps 
were made using the Kriging method in the Spatial Analyst toolbox of ArcGIS 10.0.   
 
Bedrock Topography  
      For the state of Illinois, a bedrock topography map was made (Fig. 1.5).  Using 
contour line shape files from the Illinois State Geological Survey top of bedrock map 
(Herzog, 1994), a bedrock raster surface was constructed using ArcGIS 10.0 software. 
 
Longitudinal Profiles 
     From the structure contour maps of the base of the upland gravel a longitudinal profile 




Figure 1.8.  Structure contour map of the base of Pliocene upland gravel 
constructed from 97 Illinois wells and 40 data points from quadrangles of southern 
Illinois and southeastern Missouri.  Longitudinal profile of the base of the Pliocene 




software and its line interpolation tool (Fig. 1.9).  Using DEM data, profiles of the 
modern ground surface east of the Mississippi River were also constructed.  A 
longitudinal profile was constructed of the base of the Quaternary Mississippi River 
alluvium using well data from the Minnesota County Well Index (159 wells), Wisconsin 
Geological and Natural History Survey (7 wells), Illinois State Geological Survey (219 
wells), and the Ground Water Institute (235 wells) (Figs. 1.9 and 1.10) (Appendix B).  
The floodplain surface elevation was taken from DEM data from central Minnesota to 
Memphis, Tennessee (Fig. 1.9).  A ground surface profile along the proposed Pliocene 
Mississippi River from Ontario, Canada to Memphis (Fig. 1.1) was also constructed 
using elevation profiles from Google Earth (Fig. 1.10).     
 
DISCUSSION    
Pre-glacial Drainage of the Mississippi River 
   This study focuses on the pre-glacial upland gravels in the middle and upper MRV and 
the pre-glacial drainage based on this gravel distribution.  For the upper MRV portion of 
this study in Illinois, I identified and only mapped gravel localities east of the Mississippi 
River.  In the Mississippi embayment, however, I identified and mapped upland gravels 
from the eastern margin of the Ozark Mountains to western Kentucky and Tennessee 
(Fig. 1.8).       
     The distribution of upland gravels provides evidence for the reconstruction of the pre-
glacial drainage.  The 97 ISGS wells obtained in this research support the idea that the 
Pliocene course and Holocene course of the Mississippi River are essentially identical at
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Figure 1.9.   Longitudinal profiles of the base of the Mississippi River Pleistocene alluvium, base of the 
Mississippi River Holocene alluvium, top of the modern Mississippi River floodplain, and the base of the 
Pliocene Mississippi River floodplain.  Locations of these Pleistocene and Holocene profiles are shown in 
Figure1.6 and the location of the base of the Pliocene gravel profile is in Figure 1.8 
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Figure 1.10.   (A) Longitudinal profiles of the modern surface elevation from southern Canada to 
Memphis east of the MRV, Tennessee, including the base of Pleistocene Mississippi River alluvium, and 
Holocene Mississippi River floodplain surface.   (B) Longitudinal profiles of the modern surface 
elevation east of the MRV from southern Canada to Memphis, base of Pliocene upland gravels, and the 




least from northern Illinois to Memphis, Tennessee.  I found upland chert gravels very 
similar to the Grover gravel primarily in the western portions of the Illinois counties.  
Although it would seem that Calhoun County would be a prime location to have Grover 
gravel, well density in Calhoun County is sparse, especially in upland areas.  Based on 
the combined Pliocene upland gravel distributions of Horberg (1950), Nelson (2010), and 
the present research, it appears that the Pliocene Mississippi River floodplain in Illinois 
may have been locally quite wide and extended from the modern Mississippi River 
course to west-central Illinois.  This area is defined by Horberg (1950) as the Lancaster 
erosion surface (Fig. 1.5).  I speculate that, locally the Lancaster surface could be a strath 
terrace of the Pliocene Mississippi River as it swept across western Illinois.  As the river 
shifted across western Illinois, it appears to have swept through shale rich and relatively 
easily eroded Pennsylvanian bedrock (Fig. 1.11)  
     Further south along the western border of Illinois, the Lancaster surface is present in 
several counties bordering the Mississippi River where a large portion of the ISGS wells 
containing upland gravels are located (Fig. 1.5).  In the Late Pliocene or early Pleistocene 
the ancestral Mississippi River occupied its deep stage central Illinois course (Figs. 1.4 
and 1.5).  Wisconsin ice lobes encroaching from the east at 20 ka subsequently forced the 
Pleistocene Mississippi River back to its earlier Pliocene and present day course (Kolata 
and Nimz, 2010).   
 
Northern Extent of the Pliocene Mississippi River Drainage Basin 
     Lumsden et al. (in review) propose that the Pliocene Arc (Mississippi) River could 




Figure 1.11.  Bedrock geology map of Illinois (Kolata and Nimz, 2010). Shale rich 
Pennsylvanian strata make up the bedrock geology underlying the Lancaster 
erosion surface (within black outline) of Horberg (1950). 
 
 
Horberg (1950) called the “Lafayette-type” gravels is in southwestern Wisconsin and 
southeastern Minnesota (Fig. 1.5).  These northern gravels, which are largely contained 
within the driftless area, represent the only sediment record of the apparent Pliocene pre-
glacial rivers of this area.   
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     The Windrow Formation of Iowa, Minnesota, and Wisconsin is very similar to the 
upland gravels described by Horberg (1950).  The age of the Windrow Formation is 
considered to be Cretaceous, based on its similarity to the well constrained Cretaceous 
gravels of Minnesota (Andrews, 1958).  Fossils of Cretaceous or younger age in the 
Windrow Formation are rare and inconclusive and Horberg (1950) contends that the 
similarities to the other upland gravels like the Grover, Mounds, and Upland Complex 
make the Windrow Formation Pliocene.  For the southern Canada Arc River hypothesis 
to be confirmed, sedimentary evidence for the south-flowing Pliocene Mississippi River 
should have existed in Wisconsin, Minnesota, and southern Canada.  Although possible 
Pliocene gravels may exist as the Windrow Formation (Fig. 1.5), Pleistocene glaciation 
likely removed any Pliocene upland gravels north of 45° N latitude.    
    Without preserved Pliocene sediments, the hypothesized northern extent of the 
Pliocene Mississippi River drainage basin is difficult to test.  However, if the Pliocene 
upland gravel deposits are the basal sand and gravel of a once thick and extensive 
ancestral Mississippi River floodplain (Van Arsdale et al., 2007; Markin et al., 2010; 
Lumsden et al., in review) an estimation of its original thickness and extent can be made.     
      Due to the sparse Pliocene upland gravels north of Illinois, the location and 
longitudinal profile of the Pliocene Mississippi River north of Illinois can only be 
estimated.  Figure 1.9 shows the longitudinal profile of the base of the upland gravel from 
northern Illinois to Memphis, Tennessee along with the base and top of the Quaternary 
alluvium of the Mississippi River from Grand Rapids in central Minnesota to Memphis, 
Tennessee.  Figure 1.9 also illustrates that within the Mississippi embayment, the 
Holocene and Pleistocene bases of alluvium are at different elevations.  The thickness of 
25 
 
the Holocene Mississippi River floodplain averages 50 m thick whereas the Pleistocene 
Mississippi River alluvium averages 80 m thick.   
     The base of the Pliocene Upland Complex has an elevation that is on average 20 m 
above the surface of the modern Mississippi River floodplain (Fig. 1.9).  As a means to 
try to reconstruct the longitudinal profile of the Pliocene Mississippi River I have used 
the floodplain surface of the modern Mississippi River as a proxy for the Pliocene 
floodplain longitudinal profile.  The top of the Mississippi River floodplain profile was fit 
through the base of the Pliocene upland gravel elevations in Tennessee, Kentucky, and 
Illinois, and extended north into Minnesota maintaining an elevation of 30 m above the 
surface of the modern Mississippi River.  Then assigning a 50 m thickness to the Pliocene 
Mississippi River floodplain a second line was drawn 50 m above the basal profile.  The 
Pliocene Mississippi River was then projected north into Canada using the Minnesota 
longitudinal profile slopes.  The 50 m thickness of the Pliocene floodplain is considered a 
minimum estimate by Van Arsdale et al. (2007) and the Pliocene Mississippi River 
floodplain may have been 100 m thick.   
     As is evident in Figure 1.10 the base of the Pliocene Mississippi River floodplain 
projects 30 m above the modern landscape in northern Minnesota and southern Canada.  
It is important to note that the ground surface of the northern United States and southern 
Canada is currently isostatically rebounding and has not only been eroded by Pleistocene 
continental glaciation but has also undergone isostatic uplift (forebulge) and subsidence 
from glacial loading numerous times through the Pleistocene and may once have had a 
thin Paleozoic sediment cover that depressed the crust.  Those considerations and how 
they may affect my Figure 1.10 profile are beyond the scope of this research. 
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Pliocene Mississippi River Floodplain in the Northern Mississippi Embayment 
     The southern extent of the upland gravels (Upland Complex) in western Tennessee 
and Kentucky as well as on Crowley’s Ridge in Arkansas is well defined (Fig. 1.6).  The 
Upland Complex has been shown, through various lines of evidence, to be the basal sand 
and gravel of a vast Pliocene floodplain, which was later denuded and left as a terrace on 
upland surfaces of the northern Mississippi embayment (Van Arsdale et al., 2007).  Van 
Arsdale et al. (2007) made the case that the Upland Complex once extended from western 
Tennessee and Kentucky across the Eastern Lowlands to Crowley’s Ridge in Arkansas.  
However, Mounds gravel has also been mapped along the western edge of the northern 
Mississippi embayment (Fig. 1.8) in Missouri (Middendorf, 2000) suggesting that the 
Pliocene Mississippi River floodplain extended across the entire northern Mississippi 
embayment.  In Illinois the Pliocene Mississippi River was flowing within bedrock 
valleys, but crossing into the embayment the river was free to sweep laterally in 
unconsolidated Eocene sediments.  The Pliocene floodplain was bounded on the west by 
the bedrock margin of the Ozarks and by Mississippi embayment Paleogene sediments 
along its eastern margin (Fig. 1.8).       
      Apparently late Pliocene ~3.5 Ma (Gao et al., 2012) or early Pleistocene glacial 
eustatic sea level decline caused incision through the Pliocene Mississippi River 
floodplain to form the Upland Complex terrace (Fig. 1.8).  At km 1100 in Figure 1.9 the 
base of the Quaternary alluvium in Illinois is 220 m below the base of the Upland 
Complex.  This is the maximum post Pliocene entrenchment found along the 1800 km 





     The Pliocene upland gravels of the Mississippi River Valley provide us with important 
information as to the pre-glacial conditions of the region.  The previously mapped 
distribution of the upland gravels (Horberg, 1950; Nelson, 2010; Van Arsdale et al., 
2007) along with the additional 97 well data points and 40 data points obtained from 
geologic quadrangle maps collected in this study supports the interpretation of previous 
authors (Horberg, 1950; Van Arsdale et al., 2007; Lumsden et al., in review) of a large 
southerly-flowing Mississippi River system during the Pliocene.  The similarities among 
the Upland Complex, Mounds gravel, Grover gravel, and Windrow Formation lead me to 
support their correlation.   
     The detailed course of the Pliocene Mississippi River is still unclear. However, it is 
evident, based on the abundance of these upland gravels along the westernmost counties 
in Illinois (Figs. 1.5 and 1.8) that at some time during the Pliocene the ancestral 
Mississippi River occupied nearly the same course as the modern Mississippi River.  It 
also appears, based on upland gravel distribution, that the Pliocene Mississippi River may 
have swept easterly across the Lancaster erosion surface to a position above the Princeton 
and Middle Illinois entrenched bedrock valleys.  Subsequently, during late Pliocene or 
early Pleistocene, the Mississippi River entrenched to form the Princeton and Middle 
Illinois bedrock valleys.  Then, due to Wisconsin glacial advance from east to west, the 
Pleistocene Mississippi River was forced back to its Pliocene location to form the present 
Mississippi River (Kolata and Nimz, 2012).   
     The Pliocene Arc (Mississippi) River paleomeanders in northwest Mississippi require 
a Pliocene river discharge seven times larger than the modern Mississippi River.  Of the 
28 
 
two possible explanations given by Lumsden et al. (in review), the drainage basin 
extension into Canada is preferred due to the evidence of apparent Pliocene upland chert 
gravels identified in this study in Illinois (Nelson, 2010; Horberg, 1950), Wisconsin 
(Horberg, 1950; Andrews, 1958), and Minnesota (Horberg, 1950).  Due to lack of 
mapped Pliocene upland gravel further north than the driftless area of Wisconsin and 
Minnesota, other lines of evidence are needed to test the Arc River hypothesis.  The 
Pliocene upland gravels are interpreted to be the basal sand and gravel facies of a +50 m 
thick floodplain that is now largely eroded away.  A projection of a 50 m thick Pliocene 
floodplain from northern Illinois to southern Canada reveals that the base of the Pliocene 
floodplain would have been ~30 m above the Canadian ground surface.  If we assume 
that the Canadian shield during the Pliocene was covered by a thin chert-rich Paleozoic 
section as proposed by Lumsden et al. (in review) then the Pliocene Arc River would 
have traversed through a Paleozoic bedrock valley across the Canadian landscape and 
flowed south to the Gulf of Mexico transporting huge volumes of chert gravel and sand 
that were deposited in an extensive floodplain.   
    The Pliocene Arc River flowed south across southern Canada and the northern United 
States (Fig. 1.1) in relatively narrow bedrock valleys.  Within the Mississippi embayment 
the Arc River migrated between the western embayment margin in northeast Arkansas 
and southeast Missouri to its eastern margin in western Tennessee.  During the late 
Pliocene or early Pleistocene, the ancestral Mississippi River entrenched through its 
floodplain to leave the Upland Complex as a terrace along the river, that is 
discontinuously preserved from at least northern Illinois to Louisiana.   
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     The Pliocene Upland Complex has been displaced by faulting in Arkansas, Kentucky, 
and Tennessee.  The structural history of the Upland Complex is presented in the 
following Part 2 of this thesis.    
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     The New Madrid seismic zone is responsible for the very large earthquakes of 1811-
1812 (Nuttli, 1973; Johnston, 1996; Hough et al., 2000).  The Reelfoot rift, which lies 
beneath the northern Mississippi embayment, is a northeast-striking Cambrian basement 
rift that cuts across southeast-striking Proterozoic basement faults (Fig. 2.1 and Table 1).  
Reactivation of the basement faults is responsible for regional Quaternary deformation 
and the New Madrid seismic zone (Csontos et al., 2008; Van Arsdale, 2009; Pratt, 2012; 
Pratt et al., 2012).  Quaternary right-lateral strike-slip has occurred across the 
northeasterly striking margins of the Reelfoot Rift (Van Arsdale et al., 1995; Cox et al., 
2001a; 2006; Pryne et al., 2013) and across the Axial Fault in the middle of the rift 
(Csontos et al., 2008; Odum et al., 2001; Pratt et al., 2012).  Compressional stepover 
zones within the rift consisting of the Reelfoot fault, Joiner Ridge, and the southern 
portion of Crowley’s Ridge are fault-bounded structural uplifts (Nelson and Zhang, 1991; 
Van Arsdale et al., 1995; Purser and Van Arsdale, 1998; Csontos et al., 2008; Odum et 
al., 2010).  Quaternary faulting is not restricted to the Reelfoot rift, but has also occurred 
on outboard faults of the rift including the Commerce fault segment of the Commerce 
geophysical lineament (Langenheim and Hildenbrand, 1997; Harrison et al., 2002; 
Stephenson et al., 1999) and the Big Creek fault (Spitz and Schumm, 1997; Harris and 
Sorrells, 2006; Tavakoli et al., 2010) that may continue northeast (Johnson et al., 1994) 
as the Ellendale fault (Velasco et al., 2005; Van Arsdale et al., 2012).  Faults have also 
been identified along the boundaries of the northern portion of Crowley’s Ridge 
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immediately north of Jonesboro, Arkansas and are interpreted to have been active during 




Figure 2.1.  Reelfoot rift faults and numbered locations of documented Quaternary 
faulting and liquefaction.  Numbers correspond to numbers in Table 1.  Right-
lateral shear across the Reelfoot rift is responsible for the New Madrid seismic zone 
earthquakes, which occur along the faults colored red.  Quaternary right lateral 
shear on the rift faults is also causing uplift of the Lake County uplift/Reelfoot 
North fault (RFN), Joiner Ridge (JR), and the southern portion of Crowley’s Ridge.  
WRFZ = White River fault zone, BMTZ = Bolivar Mansfield tectonic zone, OFZ = 
Osceola fault zone, CMTZ = Central Missouri tectonic zone, GRTZ = Grand River 
tectonic zone, EM = Southeastern Reelfoot Rift margin faults, WM = Northwestern 
Reelfoot Rift margin fault, AF = Axial fault, NMN = New Madrid North fault, RFS 
= Reelfoot South fault, MS = Meeman-Shelby fault zone, CG = Commerce 
Geophysical lineament/fault, BC = Big Creek/Ellendale fault, B = Bootheel fault, R 
= Risco fault (defined by seismicity), M = Memphis, J = Jonesboro, LR = Little 





Holocene faulting along the southeastern margin of the Reelfoot rift 20 km northwest of 
Memphis, Tennessee.  Similarly, Hao et al. (in press) identified Quaternary faulting on 
the Meeman-Shelby fault zone immediately west of Memphis, Tennessee that they 
interpret to be a P-shear.   
     Surface deformation in the Mississippi River valley is subtle because much of the 
faulting appears to be strike slip and the rift is buried beneath a thick Phanerozoic 
sedimentary cover, capped by Mississippi River alluvium, and loess.  Some of the 
Reelfoot rift faults are seismically active (Fig. 2.1) with earthquakes primarily occurring 
between depths of 4 and 14 km within the New Madrid seismic zone (Chiu et al., 1992; 
Mueller and Pujol, 2001; Csontos and Van Arsdale, 2008).   
     The Upland Complex (UC) of the Mississippi River valley is a high-level terrace of 
the ancestral Mississippi River system (Autin et al., 1991; Van Arsdale et al., 2007) (Fig. 
2.2).  This terrace is preserved on uplands along the Mississippi River Valley at least as 
far north as Illinois and south to Louisiana.  It is called the Grover and Mounds gravel in 
Illinois, Mounds gravel in Missouri, Lafayette gravel in Kentucky, Upland Complex in 
Tennessee and Arkansas, Pre-loess terrace deposits in Mississippi, and Citronelle 
Formation in Louisiana.  The age of the UC has been cited as being Miocene to early 
Pleistocene, but the most recent summary of the data assigns a Pliocene age of ~ 4 Ma 
(Van Arsdale et al., 2007).  Both the top and bottom of the UC are erosional 
unconformities and the UC averages 10 m thick.  The basal unconformity is believed to 
be ~ 4 Ma and the UC is covered by Pleistocene loess, the oldest dated loess being the 
250-200 ka Crowley’s Ridge loess (Markewich et al., 1998).  Thus, the unconformity at 
the top of the UC is approximately 250-200 ka.  This fluvial sand and chert gravel 
35 
 
(Potter, 1955a) deposit sits on top of Paleozoic sedimentary rock north of the Mississippi 
embayment and on Paleogene sediments within the Mississippi embayment.  The base of 
the UC averages 77 m above the base of the Quaternary Mississippi River alluvium, thus 




Table 1.  Reelfoot rift Quaternary faulting and liquefaction locations designated 
with numbers in Figure 2.1. 
 
Location/name Structure Deformation age Source 
1 Western Lowlands Faulting & 
Liquefaction 
23,000-17,000 & 13,430-9000 
yr BP, A.D. 240-1020 &  1440-
1540 
Shoemaker et al., 1997; 
Vaughn, 1994 
2 Commerce fault Faulting 60-50 ka, 35-25 ka, 5 ka, & 
3660 yr BP 
Harrison et al., 1999 
3 Charleston Uplift Faulting < 12 ka Pryne et al., in press 
4 New Madrid North 
fault 
Faulting Wisconsin Baldwin et al., 2005 
5 Southeastern 
Reelfoot rift margin 
Faulting Pleistocene Cox et al., 2006 




2350 BC, A.D. 300, 900, 1450, 
& 1811 
Kelson et al., 1996; 
Tuttle et al., 2002, 2005 
7 Bootheel fault Faulting 12.5-10.2 ka, 2.7–1.0 ka, & A.D. 
1450 
Guccione et al., 2005 
8 Southeastern 
Reelfoot rift margin  
Faulting < 20 ka Cox et al., 2006 
9 Manila high Faulting 11,500-5400 BP, A.D. 1450 & 
1811 
Guccione et al., 2000; 
Odum et al., 2010 
10 Southeastern 
Reelfoot rift margin 
Faulting 4000-2000 yr. BP (2 events); 
<2000 yr. B.P. 
Cox et al., in press 
11 Southeastern 
Reelfoot rift margin 
Faulting Quaternary Howe,  1985 
12 Ellendale Faulting A.D. 400 Velasco et al., 2005 
13 Big Creek Faulting < 27 ka Harris & Sorrells, 2006 
14 Marianna Liquefaction 7000-5000 BP Tuttle et al., 2006 
15 Crowley’s Ridge Faulting Wisconsin Van Arsdale et al., 1995 
16 Marked Tree high Faulting 4440-3350 BP Guccione, 2005 
17 Northwestern 
Reelfoot rift margin 





unconformity at the base of the UC terrace provides an originally gently southerly 
sloping, essentially flat surface (Van Arsdale et al., 2007) that we use as a structural 
datum to evaluate post 4 Ma deformation in the northern Mississippi embayment.   
The Eastern and Western Lowlands of the Mississippi River valley (Fig. 2.3) contain 
Pleistocene and Holocene river alluvium (Autin et al., 1991; Saucier, 1994; Rittenour et 
al., 2007) with Pleistocene loess capping the older Pleistocene terraces.  Most of the 
Quaternary sediments in the Western Lowlands were deposited by the ancestral 
Mississippi River and the Quaternary sediments in the Eastern Lowlands were deposited 
by the ancestral Mississippi and Ohio rivers (Rittenour et al., 2007).  Flood plain 
sediments of the Western Lowlands consist of the ancestral Mississippi River Dudley 
(50-64 ka), Melville Ridge (34-41 ka), and Ash Hill (24-27 ka) braid belt terraces, and 
Holocene flood plain sediments of the White, Black, Cache, Bayou De View, and 
L’Anguille rivers (Rittenour et al., 2007).  Both ancestral Ohio and Mississippi river 
sediments of the Eastern Lowlands consist of the Paragould meander belt terrace (85 ka) 
and the Sikeston (17-19 ka), Kennett (14-16 ka), Charleston (14 ka), Blodgett (13 ka), 
and Morehouse (12 ka) braid belt terraces (Rittenour et al., 2007).  The Holocene 
Mississippi River sediments mark the time when the ancestral Mississippi and Ohio 
rivers merged at Cairo, Illinois to form the modern Mississippi River.  It is not known 
whether the Mississippi River’s Holocene alluvium (< 10 ka) of the Eastern Lowlands is 
underlain by Pleistocene alluvium (Saucier, 1994) or whether it sits on Eocene 
formations or, locally, both.  If indeed the Mississippi River Holocene flood plain is 
erosionally inset into Pleistocene alluvium as suggested by Saucier (1994) it is probably 
Morehouse alluvium (12 ka) since Morehouse terraces are present both west and east of 
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the Holocene flood plain (Fig. 2.3).  The unconformity at the base of Quaternary 




Figure 2.2.  Structure contour map of the base of the Upland Complex (browns) and 
Eastern and Western Lowlands Mississippi River Quaternary alluvium (blues and 
greens) with well locations.  Contour interval = 10 m.   EL = Eastern Lowlands, WL 
= Western Lowlands, LR = Little Rock, J = Jonesboro, NM = New Madrid, C = 
Cairo, M = Memphis.   
 
 
sloping, essentially flat surfaces (Van Arsdale et al., 2007) that we use as a structural 
datum to evaluate post 85 ka deformation in the northern Mississippi embayment.   
     In this paper we discuss the deformation of the Pliocene Upland Complex and the 
unconformity at the base of the Quaternary Mississippi River alluvium of the northern 
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Mississippi embayment between 35˚ and 37ᵒ north latitude to assess the post 4 Ma history 
and behavior of the underlying Reelfoot rift. 
 
METHODS 
     Structure contour maps were made for the Pliocene Upland Complex and Quaternary 
Mississippi River alluvium (Fig. 2.2) using lignite exploration wells provided to the 
University of Memphis by the North American Coal Corporation (See Data and 
Resources) and data provided by the U.S. Army Corps of Engineers (Saucier, personal 
communication).  The top and bottom of the gravel facies of the Pliocene Upland 
Complex were mapped using 404 wells for western Tennessee and Kentucky and 153 
wells for Crowley’s Ridge (Bresnahan, 2004; Van Arsdale et al., 2007).  In the Eastern 
and Western Lowlands of the Mississippi River valley, 3,374 wells were used to map the 
base of the Quaternary Mississippi River alluvium (Csontos, 2007; Csontos et al., 2008).  
Both the base of the Upland Complex and the base of the Quaternary alluvium are readily 
identified as fluvial sand and gravel over Eocene fine sand and clay.  The top of the 
Eocene Memphis Sand in western Tennessee and immediately adjacent areas of 
Arkansas, Mississippi, and Kentucky was mapped by Martin (2008) (Fig. 2.6A) and his 
data were re-contoured in this study (not shown).  The structure contour maps were made 
using the ArcGIS 10.0 suite.  Interpolation for the structure contour maps was done using 
Kriging, Inverse Distance Weighting, Natural Neighbor, and Spline algorithms, but 
Kriging was chosen for interpretation because it best represented the lateral continuity of 
the surfaces.  The raster surfaces of the structure contour maps were also displayed in 3D 
in ArcScene for further examination (Fig. 2.2B).  Data for north-south longitudinal 
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profiles along each of the contoured surfaces (Fig. 2.3) were acquired using the 3D 
Analyst’s Interpolate Line tool.  The data were then exported to Microsoft Excel to make 




Figure 2.3.  Base of Upland Complex contours, Pleistocene Mississippi River 
terraces, and Holocene flood plain of the Mississippi River (modified from Rittenour 
et al. 2007).  Green areas are river terraces.  Red lines locate longitudinal profiles of 
the Upland Complex in Figures 4 and 5.  EL = Eastern Lowlands, WL = Western 
Lowlands, LR = Little Rock, J = Jonesboro, NM = New Madrid, C = Cairo, M = 
Memphis, P = Paragould terrace (85 ka), SI = Sikeston terrace (17-19 ka), Mh = 
Morehouse terrace (12 ka), BL = Blodgett terrace (13 ka), CH = Charleston terrace 
(14 ka), T = Tertiary uplands.  The Ash Hill terrace is 24 – 27 ka and Melville Ridge 





PLIOCENE AND PLEISTOCENE UNCONFORMITY ANALYSES 
Structural Contour Mapping of the Top and Bottom of the Upland Complex 
     Structure contour maps were constructed of the top and bottom of the UC in western 
Kentucky and Tennessee and along Crowley’s Ridge in Arkansas (Fig. 2.2).  Down-
valley topographic profiles of the top and bottom of the UC were then made from these 
surfaces (Figs. 2.3-2.5).  Regression analyses of the data in Figure 2.4 reveal that the top 
and bottom of the UC slope southerly an average of 0.118 m/km (R2 = 0.3467) and 0.124 
m/km (R2 = 0.4209) respectively under western Kentucky and Tennessee, slope southerly 
0.059 m/km (R2 = 0.1205) and 0.065 m/km (R2 = 0.1304) respectively under Crowley’s 
Ridge, and have up to 60 m of local relief (Fig. 2.2).  Figures 2.4 and 2.5A illustrate that 
the top and bottom of the UC are nearly parallel in both areas.  When superimposing the 
profile of the bottom of the UC of western Kentucky and Tennessee on the Crowley’s 
Ridge basal profile it is evident that the lows and highs on these surfaces are nearly 
identical and can be correlated across the Eastern Lowlands (Fig. 2.5).  To test this 
relationship we conducted a Kolmogorov-Smirnov statistical test.  This K-S test confirm 
the two profiles in Figure 2.5A have no statistically significant difference (p-value = 
0.1038). 
 
Structure Contour Mapping of the Base of the Quaternary Mississippi River Alluvium 
     Structure contour maps were made of the base of the Quaternary Mississippi River 
alluvium (unconformity on top of the Eocene section) within the Eastern Lowlands and 
the Western Lowlands (Fig. 2.2).  Regression analyses of down valley profiles reveal that 
the Eastern Lowlands  unconformity slopes southerly an average of 0.088 m/km (R2 = 
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0.7493) and has local relief highs of 20 m to 25 m and the Western Lowlands 
unconformity slopes south at 0.168 m/km (R2 = 0.732) and has one linear zone across 
which there is 30 m of local relief.  We do not know the ages of the base-of-alluvium 
unconformities in the Eastern and Western lowlands.  However, our map area is over 600 







Figure 2.4.  A) Down valley profiles of the top and bottom of the Upland Complex in 
western Kentucky and Tennessee and the top of the Memphis Sand in Tennessee 
with interpreted faults.  B) Down valley profiles of the top and bottom of the Upland 










Figure 2.5.  A) Down valley profile of the base of the Upland Complex in western 
Kentucky and Tennessee superimposed upon the down valley profile of the base of 
the Upland Complex in Crowley’s Ridge of eastern Arkansas.  Profiles are located 
in Figure 2.3.  B) Structural highs and lows in (A) are correlated and connected with 
red (high) and blue (low) lines.  EL = Eastern Lowlands, WL = Western Lowlands, J 
= Jonesboro, M = Memphis, C = Cairo, CG = Commerce Geophysical 
lineament/fault, BC = Big Creek/Ellendale fault, MS = Meeman-Shelby fault zone, 
NM = New Madrid, WM = northwestern Reelfoot rift margin, EM = southeastern 
Reelfoot rift margin.  C) Strain ellipse illustrates orientations of structures that 







thus suggesting that this deep incision was caused by extremely low sea level (-120 m) 
conditions during the late Pleistocene (Miller et al., 2011).  Based on this argument, we 
herein assign the ages of the unconformities that we are mapping at the base of the 
Pleistocene terraces in the Eastern and Western lowlands to be the same ages as their 
overlying sediments (Fig. 2.3) (Rittenour et al., 2007). 
     Figures 2.2 and 2.5 illustrate gently south-sloping unconformities beneath the 
Quaternary alluvium of the Eastern and Western lowlands.  Within the Western 
Lowlands is a N45ᵒE trending zone across which the unconformity drops 30 m down-to- 
the-southeast.  This apparent fault displacement coincides with the trace of the 
northwestern margin of the Reelfoot rift (Figs. 2.1, 2.2, and 2.5).  In the northern and 
eastern portions of the Eastern Lowlands there is also clear evidence of local uplift of the 
unconformity (Fig. 2.2) that has been documented to be due to Quaternary faulting.  
Starting in the north of Figures 2.7 and 2.2B and continuing south is the Charleston uplift 
(36 m) (Pryne et al., 2013), Lake County uplift/Reelfoot North fault (21 m) (Russ, 1982; 
Purser and Van Arsdale, 1998; Csontos et al., 2008), Blytheville arch (25 m) (Pratt et al., 
2012), Joiner Ridge (20 m) (Csontos et al., 2008; Odum et al., 2010), and a high area 
southwest of Memphis that coincides with the Meeman-Shelby fault (28 m) (Hao et al., in 
press).  The New Madrid North fault, Reelfoot North fault (Lake County uplift), 
Blytheville arch, and the southeastern Reelfoot rift margin have surface deformation 
whereas the Charleston uplift, Joiner uplift, and Meeman-Shelby fault zone have no 
mapped surface deformation.  The Reelfoot South fault has subtle geomorphic evidence 





     The highs and lows in the top and bottom of the UC in western Kentucky and 
Tennessee may be due to erosion by west-flowing tributaries of the Mississippi River 
(Fig. 2.2).  Most of the lows in the UC of Figure 2.2 are coincident with these river 
valleys.  Therefore, it is possible that the lows in the UC maps are actually Pleistocene 
terrace gravels of these west-flowing tributaries that were inadvertently included in the 
Pliocene UC data set.  However, in selecting the wells used in the UC maps a concerted 
effort was made to stay outside of the tributary river valleys to avoid this very issue.  
Similarly, relief on the UC cannot be due to reactivation or differential compaction above 
underlying Cretaceous plutons since there is no spatial correlation between relief in the 
UC and the plutons (Rhea and Wheeler, 1995). 
     The highs and lows in the UC of western Kentucky and Tennessee appear to be of 
tectonic origin.  Support for this interpretation is provided by Martin (2008) who mapped 
east- trending grabens beneath western Tennessee in the underlying Eocene Memphis 
Sand (Fig. 2.6A).  We used Martin’s (2008) well data to construct a north-south profile of 
the top of the Memphis Sand (Fig. 2.4A), which illustrates its close similarity with the 
base and top of the overlying UC.  Easterly-trending faults in western Tennessee and 
Kentucky have also been proposed by Parks and Carmichael (1990) and Cox et al. 
(2001b) (Fig. 2.6B).  Cox et al. (2001b) believe their faults bound blocks that have tilted 
north and south during the Wisconsin thereby influencing river locations.   
Tectonic uplift of Crowley’s Ridge has been documented (Nelson and Zhang, 1991; Van 
Arsdale et al., 1995; Williams et al., 2007) and tectonic deformation has been proposed 
within Crowley’s Ridge (Cox (1988a; 1988b; Boyd and Schumm, 1995; Spitz and 
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Schumm, 1997).  Geomorphic analyses by Boyd and Schumm (1995) and Spitz and 
Schumm (1997) identified apparent tectonic tilting within Crowley’s Ridge and they 
divided Crowley’s Ridge into a series of fault-bounded blocks.   
 
 
      
A        B 
Figure 2.6.  .  A) Grabens mapped on the top of the Memphis Sand in western 
Tennessee and northwestern Mississippi (from Martin, 2008).  B) Tilted block 
domain boundaries (solid and dashed lines) and stream migration vectors (arrows) 




     Perhaps the most compelling argument for a structural origin for the highs and lows of 
the UC in western Kentucky and Tennessee is that essentially identical highs and lows 
are seen within the full length of Crowley’s Ridge (Fig. 2.5).  If these are correlative 
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highs and lows, as we have interpreted them, it would require that post-UC rivers would 
have followed the blue lines in Figure 2.5 thereby flowing east-west (perpendicular to 
regional river flow) and parallel to each other for 110 km, across western Kentucky and 
Tennessee, to also cut across Crowley’s Ridge.  We consider this to be essentially 
impossible.  Therefore, the deformed UC appears to reflect east-west striking fold axes or 
faults (Fig. 2.5).  If they are folds or reverse faults due to shortening then there must have 
been post 4 Ma north-south horizontal compression.  Schweig and Ellis (1994) proposed 
north-south compression in the time period of 11 – 3 Ma; however, there has been no 
subsequent study that supports their hypothesis.  The prevailing evidence is that the 
maximum compressive stress in this region is due to the western drift of North America 
(Liu and Bird, 2002) and has been oriented ~N60˚E to N80˚E (Zoback and Zoback, 1981) 
at least since the Neogene.  It seems that the most plausible explanation for the east-west 
striking structures is that they are due to north-south extension and reflect normal 
faulting.  These normal faults can locally be mapped from the northwest margin of the 
Reelfoot rift to the southeast margin of the rift (Fig. 2.5B).   
     Right-lateral simple shear across the Reelfoot rift is the principal faulting mechanism 
for the region during the Quaternary and for the New Madrid seismic zone in particular 
(Csontos et al., 2008; Tavakoli et al., 2010; Pratt, 2012; and Pratt et al., 2012.  Csontos et 
al. (2008) argue that the Reelfoot fault, southern Crowley’s Ridge, and Joiner Ridge are 
fault-bounded compressional stepovers within this system (Fig. 2.1).  Pratt et al. (2012) 
interpret 5 to 12 km of post-Eocene right-lateral strike-slip across the Axial fault of 
Figure 2.1.  We believe that the observations of these previous authors and the post-UC 
deformation described herein further support this model of regional shear, but with 
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modification.  We propose a simple shear regional deformation model using a strain 
ellipse whose long axis is oriented north-south (Fig. 2.5C).  The east-west normal faulting 
of the UC identified in this current study reflects north-south extension within the strain 
ellipse that extends both east and west of the Reelfoot Rift margins.  In this strain field, 
right-lateral simple shear across the Reelfoot rift, including the outboard Commerce 
geophysical lineament/fault and Big Creek/Ellendale fault, has caused local east-west 
compression, thus compressing the north-south trending zones of uplift (southern 
Crowley’s Ridge, Joiner Ridge, and Reelfoot fault (stepover zones) parallel to the long 
axis of the ellipse.  Our model suggests that the Meeman-Shelby fault may be a stepover 
fault between the Big Creek/Ellendale fault and the southeastern margin of the Reelfoot 
rift (Fig. 2.1).  Regardless of whether the Meeman-Shelby fault zone is a stepover zone or 
a P-shear as proposed by Hao et al. (in press) this structure strongly suggests that right-
lateral shear extends southeast of the Reelfoot rift.  To further support our model, the 
Bootheel fault (Guccione et al., 2005) appears to be a right-lateral P-shear and the Risco 
fault (Csontos and Van Arsdale, 2008) a left-lateral antithetic shear (Fig. 2.1) (Tavakoli, 
et al., 2010; Hao et al., in press). 
 
CONCLUSIONS 
     There is extensive evidence for Quaternary deformation in the upper Mississippi 
embayment (Fig. 2.1 and Table 1) that is due to reactivation of Reelfoot rift faults (Howe, 
1985; Nelson and Zhang, 1991; Csontos et al., 2008; Van Arsdale, 2009; Pratt, 2012; 
Pratt et al., 2012).  Right-lateral transpressive faulting is occurring along the Reelfoot rift 




Figure 2.7.  Reelfoot rift and its outboard faults.  The strain ellipse inset illustrates 
the right-lateral shear occurring along the N45ᵒE basement faults.  This strain field 
results in the formation of north-striking compressional uplifts bound by black fault 
lines and the late Pliocene to middle Pleistocene west-striking normal faults in blue.  
Barbs on the normal faults indicate the down-dropped side.   Red lines are 
seismically active faults.  CG = Commerce geophysical lineament/fault, WM = 
northwestern Reelfoot rift margin, AF = Axial fault, EM = southeastern Reelfoot 
rift margin, BC = Big Creek/Ellendale fault, CU = Charleston uplift, RFN = 
Reelfoot North fault/Lake County uplift, NMN = New Madrid North fault, BA = 
Blytheville arch, JR = Joiner ridge, MS = Meeman-Shelby fault zone, LR = Little 
Rock, C = Cairo, NM = New Madrid, M = Memphis.  
 
 
Reelfoot rift margin, Axial, southeastern Reelfoot rift margin, and Big Creek/Ellendale 
faults.  As a consequence of this simple shear, the north-trending southern Crowley’s 
Ridge, Reelfoot fault, Joiner ridge, and possibly Meeman-Shelby fault are stepover zones 
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with local east-west compression, whereas the unnamed east-west trending normal faults 
are due to local north-south extension (Fig. 2.7). 
     The north-south extension may be manifest as fault-bounded tilted blocks (Cox et al., 
2001b; Spitz and Schumm, 1997) or horst and graben structure (Martin, 2008) (Fig. 
2.6A).  Whichever normal fault geometry is correct, the faults appear to have locally 
influenced the location of the major west-flowing streams in western Tennessee and 
Kentucky (Figs. 2.2 and 2.6B).  However, there is no evidence of these east-trending 
normal faults in our map of the base of the Quaternary alluvium (Fig. 2.2).  Thus, either 
Wisconsin or Holocene displacement on these faults is below the resolution of our drill 
hole data or the faults have had no Wisconsin or Holocene displacement.  There is good 
correspondence between our normal faults 2, 3, and 5 (Fig. 2.7) and proposed faults that 
cross the Mississippi River (Boyd and Schumm, 1995; Spitz and Schumm, 1997).  
Seismic reflection profiles recently conducted on the Mississippi River from Cairo, 
Illinois to south of Memphis by Magnani (personal communication) may provide 
evidence of these faults and their histories. 
     Deformation along the Reelfoot rift has changed in style and location since the mid-
Pliocene.  The UC was deformed by east-striking normal faults during the late Pliocene 
or early-to-late Pleistocene.  These normal faults, and we suspect the associated stepover 
zones, were active within the Eastern Lowlands during this time, but this period of 
deformation appears to have been erosionally removed during late Pleistocene cut-and-
fill formation of the Mississippi River flood plains (terraces of Figure 2.3).  The stepover 
in the Eastern Lowlands that did not get erosionally beveled is southern Crowley’s Ridge.  
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Although poorly constrained, Wisconsin uplift appears to have occurred on Crowley’s 
Ridge (Drouin, 1995; Van Arsdale et al., 2005). 
     Our data do not allow us to evaluate Quaternary deformation in the northern portion of 
the Western Lowlands or the northern portion of Crowley’s Ridge.  However, there are 
structures in the Western and Eastern lowlands whose ages (Fig. 2.3) and magnitudes of 
uplift (Fig. 2.2) can be assessed.  The Western Lowlands fault underlies Dudley, Melville 
Ridge, and Ash Hill braid belts.  Thus, the 30 m of interpreted structural relief has 
occurred within the last 24-27 ka (Ash Hill) resulting in an average displacement rate of 
between 1.3 mm/yr and 1.1 mm/yr.  As discussed above, it is possible that in the Eastern 
Lowlands Morehouse alluvium (12 ka) underlies the Holocene Mississippi River flood 
plain and for the following discussion we will assume this to be the case.  The Charleston 
uplift underlies the Charleston (14 ka) terrace, Blodgett (13 ka) terrace, and the Holocene 
flood plain.  Since there is no difference in structural relief along the length of the 
Charleston uplift, the 36 m uplift identified by Pryne et al. (2013) occurred within the last 
12 ka.  The Lake County uplift (Reelfoot fault) underlies Holocene flood plain and so its 
21 m of uplift is younger than 12 ka.  Blytheville arch uplift occurs beneath the 
Morehouse terrace and Holocene flood plain and thus a portion of this structure has been 
uplifted 25 m within the last 12 ka.  Joiner Ridge lies beneath Morehouse terrace and 
Holocene flood plain and so it too was uplifted 20 m post 12 ka.  The Meeman-Shelby 
fault zone underlies Holocene alluvium and so we propose that it also has been uplifted 
28 m (Hao et al., in press) within the past 12 ka.  These Eastern Lowland uplift 
magnitudes occurring over the last 12 ka result in average uplift rates of 3 mm/yr for the 
Charleston uplift, 1.75 mm/yr for Reelfoot North fault, 2.1 mm/yr for Blytheville arch, 
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1.7 mm/yr for Joiner ridge, and 2.3 mm/yr for the Meeman-Shelby fault zone.  However, 
there is only surface deformation on the seismically active Reelfoot North fault, 
Blytheville arch, and New Madrid North fault thus suggesting that these structures have 
been active during the Holocene.  There is also Holocene faulting on the southeastern 
margin of the Reelfoot rift 20 km north of Memphis (Cox et al., 2013), but a 
displacement rate at this location has not been calculated.  Absence of surface faulting 
along the Western Lowland fault, Charleston uplift, Joiner Ridge, and Meeman-Shelby 
fault zone suggest that these are blind faults whose surface expression has been obscured 
by surface erosion and sedimentation or that the displaced base of the alluvium is older 
than the surface sediments that overlie these structures. 
      We believe the uplifted stepover zones illustrate that fault locations (seismic zones) 
move through time and can be put into chronological order with the oldest being the 
southern portion of Crowley’s Ridge, Joiner ridge and Meeman-Shelby fault zone of 
intermediate age, and the seismically active Reelfoot North and Reelfoot South faults 
being the youngest.  The Reelfoot South fault is a seismically active stepover that is 
clearly evident in seismic reflection data of Eocene and older sediments, yet has only 
very subtle geomorphic evidence of Quaternary uplift (Van Arsdale et al., 1999).  We 
postulate that the Reelfoot South fault zone (Fig. 2.1) became active with the 1811-1812 
New Madrid earthquake sequence and it is an old structure that is experiencing historical 
reactivation. 
     Although we generally agree with the regional deformation model of Csontos et al. 
(2008), we wish to modify their model.  In our model, the right-lateral shear extends 
across the currently defined southeastern and northwestern margins of the Reelfoot Rift 
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and includes the outboard Commerce geophysical lineament/fault and Big 
Creek/Ellendale fault (Fig. 2.7). 
     Numerical analysis of the simple shear strain model presented in this study may 
provide a more accurate assessment of the post 4 Ma strain field and shearing across the 
Reelfoot rift that should include the outboard Commerce geophysical lineament/fault and 
Big Creek/Ellendale fault.  Specifically, it may be possible to quantify the amount of 
shortening across the north-striking stepovers and the amount of extension across the 
east-striking normal faults that will constrain the maximum amount of right-lateral shear 
that has occurred across the entire rift over the last 4 Ma.  This would provide a long term 
slip rate within the current stress field.  A rotating and deforming strain ellipse provides a 
model for the contemporary strain field that may give insights into GPS strain analyses 
(e.g. Smalley et al., 2005; Frankel et al., 2012) and provide guidance for future GPS 
monument emplacement, which should encompass the Commerce geophysical lineament, 
southeastern Reelfoot rift margin, and Big Creek faults.   
     We wish to conclude by pointing out that future LiDAR data may identify surface 
deformation that is currently below our detection threshold.  In addition, our strain rates 
are driven by uncertain sediment ages.  Specifically, the UC is herein presented to be 
Pliocene (Van Arsdale et al., 2007), but could be as old as Miocene or as young as early 
Pleistocene (Autin et al., 1991).  Similarly, the Quaternary alluvium faulted in the Eastern 
Lowlands is herein interpreted as 12 ka, but could be older Pleistocene or as young as 10 
ka.  Clearly, some hard dates are needed for these soft sediments.  Al-Be dates could be 
obtained for the UC by sampling active UC quarries in western Tennessee and eastern 
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Arkansas and water well drilling through the Mississippi River alluvium could provide 
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Source FID Latitude Longitude 
Base of Upland Gravel elevation 
(m) 
ISGS 1 42.4691 -90.51571 218 
ISGS 2 42.5052 -90.01672 251 
ISGS 3 42.48331 -90.49596 220 
ISGS 4 42.40972 -90.43704 199 
ISGS 5 42.33446 -90.26802 202 
ISGS 6 42.30558 -90.24719 199 
ISGS 7 42.45185 -90.03436 247 
ISGS 8 42.01257 -89.98889 201 
ISGS 9 41.938 -90.00737 198 
ISGS 10 42.18924 -89.96848 207 
ISGS 11 41.96792 -89.85154 204 
ISGS 12 41.99573 -89.7341 208 
ISGS 13 42.07359 -89.83233 214 
ISGS 14 41.6455 -90.16749 190 
ISGS 15 41.62086 -89.6992 188 
ISGS 16 41.70714 -90.0645 189 
ISGS 17 41.70679 -90.00714 188 
ISGS 18 41.75079 -89.87249 187 
ISGS 19 41.72176 -89.91104 187 
ISGS 20 41.79385 -89.71783 192 
ISGS 21 41.77945 -89.69856 193 
ISGS 22 41.75065 -89.7956 185 
ISGS 23 41.38127 -90.83021 177 
ISGS 24 41.36826 -90.9657 169 
ISGS 25 41.49312 -90.49916 194 
ISGS 26 41.50725 -90.40621 193 
ISGS 27 41.60616 -90.23863 190 
ISGS 28 41.42106 -90.46117 192 
ISGS 29 41.42106 -90.46117 192 
ISGS 30 39.98584 -91.31025 218 
ISGS 31 40.68931 -90.85584 213 
ISGS 32 40.65906 -91.10909 207 
ISGS 33 41.01275 -90.37322 198 
ISGS 34 40.85796 -90.89331 203 
ISGS 35 40.64469 -91.14643 207 
ISGS 36 40.98907 -90.85383 195  
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ISGS 37 40.39232 -90.9752 214 
ISGS 38 40.55868 -91.31735 207 
ISGS 39 40.55843 -91.29778 208 
ISGS 40 40.22141 -91.38611 198 
ISGS 41 40.26505 -91.36447 205 
ISGS 42 39.95681 -91.32947 203 
ISGS 43 39.60075 -90.98261 197 
ISGS 44 39.71492 -90.86705 207 
ISGS 45 38.96296 -90.33946 185 
ISGS 46 39.07969 -90.30446 180 
ISGS 47 39.06493 -90.28592 179 
ISGS 48 39.05034 -90.2673 175 
ISGS 49 39.0359 -90.32323 183 
ISGS 50 39.11362 -90.32255 183 
ISGS 51 39.10882 -90.45521 200 
ISGS 52 39.0943 -90.30449 180 
ISGS 53 40.29246 -91.26606 214 
ISGS 54 38.91516 -90.14695 164 
ISGS 55 38.94451 -90.14713 162 
ISGS 56 38.47373 -90.22708 202 
ISGS 57 38.9586 -90.186 165 
ISGS 58 38.95873 -90.16644 164 
ISGS 59 38.94332 -90.26515 174 
ISGS 60 38.92858 -90.24611 172 
ISGS 61 38.37259 -90.10322 189 
ISGS 62 38.43414 -90.17287 202 
ISGS 63 38.41955 -90.15468 201 
ISGS 64 38.39064 -90.17281 203 
ISGS 65 38.25957 -90.08216 177 
ISGS 66 38.03785 -89.84299 133 
ISGS 67 37.94904 -89.71478 110 
ISGS 68 37.93529 -89.80696 152 
ISGS 69 37.94955 -89.76969 107 
ISGS 70 37.92076 -89.80708 160 
ISGS 71 37.87637 -89.71584 124 
ISGS 72 38.11412 -90.08214 156 
ISGS 73 37.51759 -89.31694 122 
ISGS 74 37.48972 -89.2982 90 
ISGS 75 37.45976 -89.29776 112 
ISGS 76 37.39967 -89.1464 113 
ISGS 77 37.37284 -89.25948 108 
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ISGS 78 37.34146 -89.16641 93 
ISGS 79 37.38643 -89.35293 99 
ISGS 80 37.39967 -89.1464 113 
ISGS 81 37.49799 -89.3468 112 
ISGS 82 37.5178 -89.29823 121 
ISGS 83 37.29865 -89.26053 109 
ISGS 84 37.26237 -89.29934 135 
ISGS 85 37.28383 -89.3515 139 
ISGS 86 37.27016 -89.42584 84 
ISGS 87 37.18189 -89.37231 93 
ISGS 88 37.16723 -89.37249 86 
ISGS 89 37.24039 -89.4448 84 
ISGS 90 37.24825 -89.43621 81 
ISGS 91 37.23336 -89.45457 111 
ISGS 92 37.22617 -89.44554 117 
ISGS 93 37.22282 -89.43062 90 
ISGS 94 37.2117 -89.44582 112 
ISGS 95 37.07731 -89.18588 74 
ISGS 96 37.08464 -89.19498 87 
ISGS 97 37.18225 -89.42812 112 
Geologic Quadrangle 1 37.375 -89.43 109 
Geologic Quadrangle 2 37.34167 -89.48 105 
Geologic Quadrangle 3 37.48333 -89.52 126 
Geologic Quadrangle 4 37.33 -89.59 158 
Geologic Quadrangle 5 37.12639 -89.63 145 
Geologic Quadrangle 6 37.16667 -89.63 146 
Geologic Quadrangle 7 37.38 -89.42 109 
Geologic Quadrangle 8 37.29167 -89.75 151 
Geologic Quadrangle 9 37.25 -89.8 141 
Geologic Quadrangle 10 37.25 -89.88 146 
Geologic Quadrangle 11 37.375 -89.79 140 
Geologic Quadrangle 12 37.375 -89.75 145 
Geologic Quadrangle 13 37.06667 -89.63 140 
Geologic Quadrangle 14 37.13333 -89.5 135 
Geologic Quadrangle 15 37.16667 -89.63 146 
Geologic Quadrangle 16 37.15 -89.46 149 
Geologic Quadrangle 17 37.13333 -89.49 135 
Geologic Quadrangle 18 37.175 -89.43 147 
Geologic Quadrangle 19 37.2 -89.45 138 
Geologic Quadrangle 20 37.26667 -88.7 152 
Geologic Quadrangle 21 37.25 -88.63 152 
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Geologic Quadrangle 22 37.3 -88.7 153 
Geologic Quadrangle 23 37.3 -88.63 156 
Geologic Quadrangle 24 37.29167 -88.78 162 
Geologic Quadrangle 25 37.25 -89.13 124 
Geologic Quadrangle 26 37.25833 -89.17 116 
Geologic Quadrangle 27 37.24167 -88.88 135 
Geologic Quadrangle 28 37.24167 -89 123 
Geologic Quadrangle 29 37.125 -89.25 121 
Geologic Quadrangle 30 37.125 -89.18 117 
Geologic Quadrangle 31 37.25 -89.02 120 
Geologic Quadrangle 32 37.29167 -89.02 113 
Geologic Quadrangle 33 37.25 -89.13 124 
Geologic Quadrangle 34 37.21667 -88.82 140 
Geologic Quadrangle 35 37.21667 -88.77 133 
Geologic Quadrangle 36 37.24167 -88.87 134 
Geologic Quadrangle 37 37.25833 -88.98 117 
Geologic Quadrangle 38 37.25 -88.89 138 
Geologic Quadrangle 39 37.3 -88.87 118 
Geologic Quadrangle 40 37.25 -89 123 
 





















Source FID Latitude Longitude 
Base of Quaternary alluvium 
(m) 
Minnesota CWI 1 47.250614 -93.585876 388 
Minnesota CWI 2 46.579868 -93.660575 304 
Minnesota CWI 3 46.552616 -93.977424 342 
Minnesota CWI 4 46.451995 -94.082054 342 
Minnesota CWI 5 46.3292 -94.242286 336 
Minnesota CWI 6 46.317005 -94.261253 318 
Minnesota CWI 7 46.033596 -94.347579 335 
Minnesota CWI 8 45.995777 -94.364212 322 
Minnesota CWI 9 45.77803 -94.273445 279 
Minnesota CWI 10 45.737041 -94.247154 299 
Minnesota CWI 11 45.728366 -94.237129 303 
Minnesota CWI 12 45.705631 -94.221145 301 
Minnesota CWI 13 45.678398 -94.188209 294 
Minnesota CWI 14 45.678024 -94.18103 282 
Minnesota CWI 15 45.675819 -94.181922 287 
Minnesota CWI 16 45.675781 -94.198562 294 
Minnesota CWI 17 45.652809 -94.19593 289 
Minnesota CWI 18 45.618778 -94.205329 291 
Minnesota CWI 19 45.375682 -93.908973 243 
Minnesota CWI 20 45.306945 -93.78514 259 
Minnesota CWI 21 45.306522 -93.684783 257 
Minnesota CWI 22 45.302505 -93.683387 256 
Minnesota CWI 23 45.301967 -93.725532 249 
Minnesota CWI 24 45.301895 -93.562431 241 
Minnesota CWI 25 45.301273 -93.772537 265 
Minnesota CWI 26 45.300403 -93.770729 262 
Minnesota CWI 27 45.298816 -93.705619 218 
Minnesota CWI 28 45.298606 -93.767272 260 
Minnesota CWI 29 45.298484 -93.679969 260 
Minnesota CWI 30 45.29829 -93.764862 268 
Minnesota CWI 31 45.298149 -93.764221 270 
Minnesota CWI 32 45.298072 -93.76229 266 
Minnesota CWI 33 45.297935 -93.762802 268 
Minnesota CWI 34 45.297412 -93.750564 250 
Minnesota CWI 35 45.297401 -93.760383 269 
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Minnesota CWI 36 45.297348 -93.760231 243 
Minnesota CWI 37 45.297275 -93.657684 237 
Minnesota CWI 38 45.297073 -93.759475 267 
Minnesota CWI 39 45.296848 -93.650115 242 
Minnesota CWI 40 45.296653 -93.623802 232 
Minnesota CWI 41 45.296451 -93.756828 254 
Minnesota CWI 42 45.248302 -93.522232 233 
Minnesota CWI 43 45.245437 -93.520874 230 
Minnesota CWI 44 45.245407 -93.519752 241 
Minnesota CWI 45 45.245326 -93.519836 235 
Minnesota CWI 46 45.245159 -93.518585 243 
Minnesota CWI 47 45.245147 -93.519058 240 
Minnesota CWI 48 45.244674 -93.516838 243 
Minnesota CWI 49 45.244495 -93.514556 251 
Minnesota CWI 50 45.244449 -93.512405 226 
Minnesota CWI 51 45.242496 -93.500015 230 
Minnesota CWI 52 45.237277 -93.496032 230 
Minnesota CWI 53 45.236671 -93.496429 227 
Minnesota CWI 54 45.230579 -93.489562 214 
Minnesota CWI 55 45.230197 -93.488143 217 
Minnesota CWI 56 45.229892 -93.488281 221 
Minnesota CWI 57 45.228313 -93.486984 209 
Minnesota CWI 58 45.227874 -93.469657 214 
Minnesota CWI 59 45.227706 -93.468826 222 
Minnesota CWI 60 45.227455 -93.486022 218 
Minnesota CWI 61 45.227386 -93.467445 214 
Minnesota CWI 62 45.227058 -93.466514 213 
Minnesota CWI 63 45.219684 -93.435119 222 
Minnesota CWI 64 45.219635 -93.433784 222 
Minnesota CWI 65 45.216979 -93.426559 237 
Minnesota CWI 66 45.216865 -93.426124 232 
Minnesota CWI 67 45.215225 -93.44519 227 
Minnesota CWI 68 45.215209 -93.444541 228 
Minnesota CWI 69 45.196125 -93.410636 228 
Minnesota CWI 70 45.193916 -93.396453 236 
Minnesota CWI 71 45.1884 -93.393165 241 
Minnesota CWI 72 45.179759 -93.380256 239 
Minnesota CWI 73 45.174938 -93.365806 233 
Minnesota CWI 74 45.174762 -93.363533 233 
Minnesota CWI 75 45.164031 -93.347282 226 
Minnesota CWI 76 45.156929 -93.343383 231 
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Minnesota CWI 77 45.156654 -93.342071 237 
Minnesota CWI 78 45.155384 -93.33995 239 
Minnesota CWI 79 45.153541 -93.335617 238 
Minnesota CWI 80 45.152114 -93.333648 235 
Minnesota CWI 81 45.150489 -93.330024 237 
Minnesota CWI 82 45.148445 -93.327522 236 
Minnesota CWI 83 45.148212 -93.32711 223 
Minnesota CWI 84 45.099941 -93.276618 222 
Minnesota CWI 85 45.057682 -93.285881 225 
Minnesota CWI 86 45.048202 -93.279304 212 
Minnesota CWI 87 44.97911 -93.240966 237 
Minnesota CWI 88 44.978939 -93.256774 241 
Minnesota CWI 89 44.978237 -93.252624 242 
Minnesota CWI 90 44.977821 -93.24604 233 
Minnesota CWI 91 44.977401 -93.243309 201 
Minnesota CWI 92 44.977394 -93.247024 242 
Minnesota CWI 93 44.967601 -93.225021 241 
Minnesota CWI 94 44.967514 -93.236724 241 
Minnesota CWI 95 44.967498 -93.236709 242 
Minnesota CWI 96 44.945823 -93.087791 212 
Minnesota CWI 97 44.943534 -93.093063 216 
Minnesota CWI 98 44.937835 -93.102081 187 
Minnesota CWI 99 44.925262 -93.109939 196 
Minnesota CWI 100 44.924324 -93.112953 210 
Minnesota CWI 101 44.921607 -93.11853 183 
Minnesota CWI 102 44.91423 -93.130653 193 
Minnesota CWI 103 44.905071 -93.135726 190 
Minnesota CWI 104 44.895198 -93.178787 205 
Minnesota CWI 105 44.895107 -93.180168 203 
Minnesota CWI 106 44.893932 -93.027954 184 
Minnesota CWI 107 44.893932 -93.027954 167 
Minnesota CWI 108 44.893096 -93.175643 185 
Minnesota CWI 109 44.882446 -93.013488 197 
Minnesota CWI 110 44.880764 -93.013221 207 
Minnesota CWI 111 44.832717 -93.012916 219 
Minnesota CWI 112 44.831844 -93.012763 221 
Minnesota CWI 113 44.831325 -93.012664 218 
Minnesota CWI 114 44.826229 -93.011306 223 
Minnesota CWI 115 44.825256 -93.010803 221 
Minnesota CWI 116 44.815246 -93.003288 223 
Minnesota CWI 117 44.773731 -92.911888 198 
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Minnesota CWI 118 44.773414 -92.91204 201 
Minnesota CWI 119 44.773178 -92.909767 199 
Minnesota CWI 120 44.773124 -92.907478 201 
Minnesota CWI 121 44.772624 -92.903762 199 
Minnesota CWI 122 44.772384 -92.908172 228 
Minnesota CWI 123 44.772174 -92.904861 225 
Minnesota CWI 124 44.772121 -92.905288 222 
Minnesota CWI 125 44.772052 -92.907226 227 
Minnesota CWI 126 44.772052 -92.906478 226 
Minnesota CWI 127 44.771976 -92.901649 212 
Minnesota CWI 128 44.771923 -92.903648 225 
Minnesota CWI 129 44.760841 -92.867378 167 
Minnesota CWI 130 44.758853 -92.868736 155 
Minnesota CWI 131 44.75806 -92.868217 154 
Minnesota CWI 132 44.750118 -92.81417 201 
Minnesota CWI 133 44.746665 -92.848022 170 
Minnesota CWI 134 44.746044 -92.847885 201 
Minnesota CWI 135 44.745853 -92.847816 203 
Minnesota CWI 136 44.745422 -92.847671 209 
Minnesota CWI 137 44.745407 -92.84835 210 
Minnesota CWI 138 44.74517 -92.847656 212 
Minnesota CWI 139 44.609535 -92.613059 156 
Minnesota CWI 140 44.40287 -92.077568 178 
Minnesota CWI 141 44.159671 -91.812477 204 
Minnesota CWI 142 44.156471 -91.807952 194 
Minnesota CWI 143 44.087291 -91.67089 151 
Minnesota CWI 144 44.055648 -91.638404 152 
Minnesota CWI 145 44.055126 -91.636718 153 
Minnesota CWI 146 44.054988 -91.637222 152 
Minnesota CWI 147 44.054519 -91.635856 151 
Minnesota CWI 148 44.054416 -91.634712 155 
Minnesota CWI 149 44.054252 -91.633789 198 
Minnesota CWI 150 44.054168 -91.633605 155 
Minnesota CWI 151 43.899253 -91.34346 193 
Minnesota CWI 152 43.898494 -91.343193 193 
Minnesota CWI 153 43.897758 -91.342811 197 
Minnesota CWI 154 43.895832 -91.342308 189 
Minnesota CWI 155 43.865512 -91.310653 193 
Minnesota CWI 156 43.865264 -91.310302 199 
Minnesota CWI 157 43.701885 -91.27069 218 
Minnesota CWI 158 43.701213 -91.27079 226 
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Minnesota CWI 159 43.695243 -91.270896 166 
Wisconsin 
GNHS 160 43.21389 -91.08944 202 
Wisconsin 
GNHS 161 43.22556 -91.07611 165 
Wisconsin 
GNHS 162 42.71222 -90.98861 188 
Wisconsin 
GNHS 163 43.52389 -91.215 145 
Wisconsin 
GNHS 164 43.62917 -91.21944 205 
Wisconsin 
GNHS 165 43.5725 -91.22389 211 
Wisconsin 
GNHS 166 43.53931 -91.22379 186 
ISGS 167 42.507077 -90.638007 234 
ISGS 168 42.505385 -90.638105 221 
ISGS 169 42.499831 -90.64333 221 
ISGS 170 42.486984 -90.650796 179 
ISGS 171 42.3755 -90.465426 173 
ISGS 172 42.322225 -90.411745 151 
ISGS 173 42.239394 -90.396446 170 
ISGS 174 42.102124 -90.157808 179 
ISGS 175 41.873485 -90.168963 173 
ISGS 176 41.87347 -90.166648 165 
ISGS 177 41.813188 -90.173303 173 
ISGS 178 41.807695 -90.17572 172 
ISGS 179 41.807601 -90.17814 173 
ISGS 180 41.802274 -90.178131 175 
ISGS 181 41.802219 -90.18055 174 
ISGS 182 41.802219 -90.18055 173 
ISGS 183 41.802219 -90.18055 174 
ISGS 184 41.802074 -90.187754 174 
ISGS 185 41.800252 -90.190123 170 
ISGS 186 41.798706 -90.195018 171 
ISGS 187 41.797942 -90.194026 176 
ISGS 188 41.796886 -90.197415 175 
ISGS 189 41.796784 -90.195019 175 
ISGS 190 41.796341 -90.19921 173 
ISGS 191 41.795015 -90.197425 176 
ISGS 192 41.707586 -90.313683 123 
ISGS 193 41.63703 -90.335914 179 
ISGS 194 41.635207 -90.335943 171 
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ISGS 195 41.635168 -90.340793 163 
ISGS 196 41.635155 -90.335895 174 
ISGS 197 41.629737 -90.336023 175 
ISGS 198 41.629737 -90.336023 169 
ISGS 199 41.627844 -90.342605 174 
ISGS 200 41.627262 -90.337627 152 
ISGS 201 41.626101 -90.33607 165 
ISGS 202 41.620689 -90.333693 188 
ISGS 203 41.620681 -90.336117 166 
ISGS 204 41.618878 -90.333707 181 
ISGS 205 41.618878 -90.333707 179 
ISGS 206 41.618878 -90.333707 182 
ISGS 207 41.618875 -90.336132 165 
ISGS 208 41.618872 -90.338557 164 
ISGS 209 41.616944 -90.336389 176 
ISGS 210 41.615196 -90.336046 174 
ISGS 211 41.613464 -90.337965 169 
ISGS 212 41.593525 -90.336324 172 
ISGS 213 41.578884 -90.355523 175 
ISGS 214 41.57712 -90.367742 170 
ISGS 215 41.57711 -90.365297 164 
ISGS 216 41.57711 -90.365297 166 
ISGS 217 41.576379 -90.37389 173 
ISGS 218 41.573513 -90.375256 173 
ISGS 219 41.571695 -90.375346 186 
ISGS 220 41.571543 -90.386039 166 
ISGS 221 41.571076 -90.38763 171 
ISGS 222 41.570547 -90.382747 160 
ISGS 223 41.570547 -90.382747 173 
ISGS 224 41.548256 -90.429946 166 
ISGS 225 41.546986 -90.429822 168 
ISGS 226 41.546925 -90.427403 169 
ISGS 227 41.546663 -90.429931 164 
ISGS 228 41.545122 -90.427385 169 
ISGS 229 41.5451 -90.43198 167 
ISGS 230 41.544722 -90.429722 171 
ISGS 231 41.54341 -90.431949 169 
ISGS 232 41.54341 -90.431949 172 
ISGS 233 41.54341 -90.431949 169 
ISGS 234 41.543365 -90.429886 166 
ISGS 235 41.541567 -90.432009 169 
71 
 
ISGS 236 41.53978 -90.431859 168 
ISGS 237 41.538889 -90.435278 170 
ISGS 238 41.537897 -90.436472 173 
ISGS 239 41.52118 -90.556328 173 
ISGS 240 41.513653 -90.577209 165 
ISGS 241 41.512119 -90.567739 168 
ISGS 242 41.478786 -90.625206 156 
ISGS 243 41.44778 -90.76101 155 
ISGS 244 41.444029 -90.751835 165 
ISGS 245 41.421109 -91.014885 155 
ISGS 246 41.417068 -90.930317 162 
ISGS 247 41.164974 -91.006644 133 
ISGS 248 41.098435 -90.943091 137 
ISGS 249 40.632559 -91.221717 157 
ISGS 250 40.63219 -91.218567 156 
ISGS 251 40.632177 -91.221185 156 
ISGS 252 40.48967 -91.362939 155 
ISGS 253 40.46458 -91.365362 115 
ISGS 254 40.461356 -91.364318 158 
ISGS 255 40.456075 -91.366712 159 
ISGS 256 40.379279 -91.401593 122 
ISGS 257 40.354016 -91.446462 137 
ISGS 258 39.999918 -91.470786 131 
ISGS 259 39.931341 -91.41844 111 
ISGS 260 39.931305 -91.416076 136 
ISGS 261 39.931305 -91.416076 137 
ISGS 262 39.931211 -91.420761 143 
ISGS 263 39.922937 -91.412577 149 
ISGS 264 39.916557 -91.413794 146 
ISGS 265 39.915634 -91.41265 125 
ISGS 266 39.818783 -91.391039 124 
ISGS 267 39.815897 -91.377848 122 
ISGS 268 39.247014 -90.720969 142 
ISGS 269 39.234241 -90.719023 130 
ISGS 270 38.975675 -90.671588 157 
ISGS 271 38.968873 -90.420393 193 
ISGS 272 38.967915 -90.423797 112 
ISGS 273 38.966826 -90.413407 126 
ISGS 274 38.961716 -90.392793 117 
ISGS 275 38.961716 -90.392793 122 
ISGS 276 38.961716 -90.392793 125 
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ISGS 277 38.961716 -90.392793 124 
ISGS 278 38.95424 -90.365906 173 
ISGS 279 38.954175 -90.365728 171 
ISGS 280 38.926578 -90.247885 122 
ISGS 281 38.925513 -90.250358 122 
ISGS 282 38.913114 -90.638907 152 
ISGS 283 38.899893 -90.522567 120 
ISGS 284 38.897665 -90.21297 117 
ISGS 285 38.890699 -90.185616 134 
ISGS 286 38.889413 -90.184422 134 
ISGS 287 38.889412 -90.184685 132 
ISGS 288 38.889345 -90.184421 133 
ISGS 289 38.889322 -90.183631 134 
ISGS 290 38.889277 -90.184157 133 
ISGS 291 38.889267 -90.18363 134 
ISGS 292 38.889214 -90.183366 133 
ISGS 293 38.888875 -90.532816 131 
ISGS 294 38.88869 -90.179145 130 
ISGS 295 38.88814 -90.179228 127 
ISGS 296 38.887865 -90.179313 119 
ISGS 297 38.887659 -90.179398 120 
ISGS 298 38.887384 -90.179484 116 
ISGS 299 38.886012 -90.173175 102 
ISGS 300 38.885457 -90.173516 106 
ISGS 301 38.885177 -90.173862 104 
ISGS 302 38.88476 -90.174205 95 
ISGS 303 38.884479 -90.174551 98 
ISGS 304 38.884336 -90.1749 98 
ISGS 305 38.884056 -90.175246 97 
ISGS 306 38.883773 -90.175768 107 
ISGS 307 38.883419 -90.176635 102 
ISGS 308 38.883282 -90.176545 108 
ISGS 309 38.883281 -90.176809 107 
ISGS 310 38.883213 -90.17672 107 
ISGS 311 38.882239 -90.178906 101 
ISGS 312 38.882102 -90.178817 100 
ISGS 313 38.8821 -90.179081 101 
ISGS 314 38.882032 -90.178992 100 
ISGS 315 38.881684 -90.179867 99 
ISGS 316 38.881406 -90.180391 98 
ISGS 317 38.881267 -90.180741 94 
73 
 
ISGS 318 38.88099 -90.18109 98 
ISGS 319 38.88085 -90.181615 108 
ISGS 320 38.880572 -90.182139 99 
ISGS 321 38.880295 -90.182488 103 
ISGS 322 38.880157 -90.182662 103 
ISGS 323 38.879878 -90.183362 98 
ISGS 324 38.875615 -90.54816 126 
ISGS 325 38.873764 -90.55045 122 
ISGS 326 38.872264 -90.5545 125 
ISGS 327 38.870877 -90.15291 93 
ISGS 328 38.869077 -90.151424 87 
ISGS 329 38.868926 -90.141835 95 
ISGS 330 38.868916 -90.143173 97 
ISGS 331 38.868471 -90.141146 98 
ISGS 332 38.867931 -90.146435 94 
ISGS 333 38.867687 -90.14413 98 
ISGS 334 38.867113 -90.145696 95 
ISGS 335 38.867108 -90.146049 95 
ISGS 336 38.866672 -90.140441 103 
ISGS 337 38.863162 -90.127524 97 
ISGS 338 38.858602 -90.122283 98 
ISGS 339 38.85763 -90.120283 89 
ISGS 340 38.852507 -90.105911 96 
ISGS 341 38.85248 -90.108322 96 
ISGS 342 38.85132 -90.109011 98 
ISGS 343 38.836094 -90.10533 80 
ISGS 344 38.707983 -90.173474 113 
ISGS 345 38.705114 -90.180539 109 
ISGS 346 38.703889 -90.181334 108 
ISGS 347 38.703239 -90.18018 109 
ISGS 348 38.703001 -90.181724 114 
ISGS 349 38.702238 -90.180998 110 
ISGS 350 38.702139 -90.17987 113 
ISGS 351 38.701012 -90.181952 109 
ISGS 352 38.700333 -90.183344 103 
ISGS 353 38.700122 -90.182493 110 
ISGS 354 38.69947 -90.18163 111 
ISGS 355 38.699233 -90.183034 102 
ISGS 356 38.698865 -90.179366 108 
ISGS 357 38.697776 -90.184792 104 
ISGS 358 38.697577 -90.18299 105 
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ISGS 359 38.696881 -90.185858 104 
ISGS 360 38.696126 -90.184216 106 
ISGS 361 38.694762 -90.184675 105 
ISGS 362 38.692778 -90.182222 105 
ISGS 363 38.682064 -90.18394 103 
ISGS 364 38.677751 -90.180275 105 
ISGS 365 38.65958 -90.176232 93 
ISGS 366 38.65137 -90.174172 87 
ISGS 367 38.64902 -90.174262 89 
ISGS 368 38.61375 -90.180604 92 
ISGS 369 38.61375 -90.180604 92 
ISGS 370 38.61375 -90.180604 92 
ISGS 371 38.601604 -90.188714 84 
ISGS 372 38.538841 -90.249306 91 
ISGS 373 38.484667 -90.272435 90 
ISGS 374 38.484667 -90.272435 90 
ISGS 375 38.484508 -90.274745 88 
ISGS 376 37.97973 -89.925848 99 
ISGS 377 37.97058 -89.912121 156 
ISGS 378 37.969903 -89.912414 148 
ISGS 379 37.96797 -89.911852 132 
ISGS 380 37.962298 -89.905375 130 
ISGS 381 37.246449 -89.452138 75 
ISGS 382 37.246449 -89.452138 80 
ISGS 383 37.212329 -89.461218 82 
ISGS 384 37.207709 -89.459361 90 
ISGS 385 37.207114 -89.458712 109 
GWI 386 37.024686 -89.171494 51 
GWI 387 37.024447 -89.174415 60 
GWI 388 37.023926 -89.176981 59 
GWI 389 37.023315 -89.180373 62 
GWI 390 37.018057 -89.179911 69 
GWI 391 37.013423 -89.124348 77 
GWI 392 37.007712 -89.107326 74 
GWI 393 37.00695 -89.107774 74 
GWI 394 37.005057 -89.156811 48 
GWI 395 37.002212 -89.146586 70 
GWI 396 37.001087 -89.139144 65 
GWI 397 37.000808 -89.167738 61 
GWI 398 37.000731 -89.140137 64 
GWI 399 37.00031 -89.139634 70 
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GWI 400 37.000009 -89.139513 65 
GWI 401 36.997049 -89.114838 73 
GWI 402 36.996542 -89.143178 71 
GWI 403 36.990224 -89.149719 66 
GWI 404 36.987714 -89.112488 63 
GWI 405 36.981662 -89.149076 73 
GWI 406 36.965581 -89.094825 50 
GWI 407 36.963667 -89.105384 39 
GWI 408 36.960083 -89.125232 80 
GWI 409 36.957865 -89.140348 71 
GWI 410 36.955236 -89.157332 71 
GWI 411 36.95302 -89.172636 55 
GWI 412 36.952811 -89.141838 58 
GWI 413 36.951249 -89.187024 59 
GWI 414 36.943812 -89.093624 76 
GWI 415 36.943207 -89.08837 82 
GWI 416 36.912209 -89.093364 64 
GWI 417 36.892257 -89.10275 70 
GWI 418 36.842003 -89.147104 63 
GWI 419 36.834811 -89.168752 53 
GWI 420 36.784462 -89.154718 48 
GWI 421 36.7777 -89.136767 48 
GWI 422 36.763642 -89.132226 48 
GWI 423 36.744874 -89.142095 63 
GWI 424 36.735562 -89.177584 56 
GWI 425 36.715259 -89.184158 50 
GWI 426 36.696489 -89.170056 53 
GWI 427 36.687913 -89.13943 62 
GWI 428 36.683602 -89.172572 33 
GWI 429 36.683598 -89.173856 41 
GWI 430 36.665954 -89.141276 62 
GWI 431 36.665703 -89.176469 43 
GWI 432 36.665517 -89.189952 55 
GWI 433 36.658333 -89.189925 30 
GWI 434 36.650846 -89.203537 50 
GWI 435 36.632644 -89.208478 48 
GWI 436 36.624097 -89.183797 42 
GWI 437 36.622162 -89.172586 60 
GWI 438 36.621422 -89.298192 37 
GWI 439 36.620752 -89.189276 56 
GWI 440 36.609151 -89.177845 54 
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GWI 441 36.606801 -89.280221 54 
GWI 442 36.603368 -89.212125 45 
GWI 443 36.603209 -89.266727 50 
GWI 444 36.60088 -89.391174 5 
GWI 445 36.600318 -89.212405 61 
GWI 446 36.598481 -89.31458 56 
GWI 447 36.597371 -89.557296 14 
GWI 448 36.597006 -89.490219 27 
GWI 449 36.596137 -89.23622 48 
GWI 450 36.593566 -89.399725 28 
GWI 451 36.592076 -89.546265 37 
GWI 452 36.589137 -89.476189 36 
GWI 453 36.588678 -89.24404 57 
GWI 454 36.5886 -89.266557 45 
GWI 455 36.5862 -89.214092 47 
GWI 456 36.585638 -89.522186 17 
GWI 457 36.581453 -89.234909 51 
GWI 458 36.580352 -89.24679 62 
GWI 459 36.579002 -89.302387 30 
GWI 460 36.577133 -89.324976 44 
GWI 461 36.576345 -89.230892 66 
GWI 462 36.575915 -89.531499 28 
GWI 463 36.575197 -89.334341 46 
GWI 464 36.574542 -89.292651 53 
GWI 465 36.572231 -89.33954 51 
GWI 466 36.571069 -89.356893 48 
GWI 467 36.570849 -89.314713 38 
GWI 468 36.569256 -89.356817 52 
GWI 469 36.568495 -89.373822 46 
GWI 470 36.565879 -89.28373 6 
GWI 471 36.563683 -89.227068 65 
GWI 472 36.559349 -89.29304 31 
GWI 473 36.559308 -89.249711 69 
GWI 474 36.558119 -89.380129 23 
GWI 475 36.557141 -89.286391 44 
GWI 476 36.555737 -89.27372 52 
GWI 477 36.555494 -89.226257 71 
GWI 478 36.552007 -89.226517 69 
GWI 479 36.550402 -89.236172 71 
GWI 480 36.550172 -89.26912 37 
GWI 481 36.547861 -89.26446 50 
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GWI 482 36.547744 -89.28357 38 
GWI 483 36.547162 -89.227171 75 
GWI 484 36.540455 -89.274631 42 
GWI 485 36.536039 -89.573234 38 
GWI 486 36.526609 -89.394635 29 
GWI 487 36.517363 -89.584803 18 
GWI 488 36.512528 -89.492369 63 
GWI 489 36.49357 -89.49795 40 
GWI 490 36.488502 -89.55349 51 
GWI 491 36.484981 -89.56206 29 
GWI 492 36.4837 -89.39558 41 
GWI 493 36.45884 -89.40999 25 
GWI 494 36.446185 -89.459893 57 
GWI 495 36.445471 -89.462868 54 
GWI 496 36.443971 -89.454826 40 
GWI 497 36.441057 -89.459569 57 
GWI 498 36.441054 -89.461277 56 
GWI 499 36.4394 -89.44623 59 
GWI 500 36.437804 -89.44683 55 
GWI 501 36.437764 -89.44367 40 
GWI 502 36.437628 -89.441249 30 
GWI 503 36.437321 -89.461192 43 
GWI 504 36.432353 -89.447143 49 
GWI 505 36.427194 -89.574465 49 
GWI 506 36.423347 -89.565913 37 
GWI 507 36.398387 -89.53892 50 
GWI 508 36.396423 -89.512591 41 
GWI 509 36.379628 -89.492665 51 
GWI 510 36.364655 -89.614288 44 
GWI 511 36.34917 -89.48732 44 
GWI 512 36.345655 -89.645463 30 
GWI 513 36.33844 -89.50656 53 
GWI 514 36.33557 -89.5156 24 
GWI 515 36.33029 -89.55035 41 
GWI 516 36.32939 -89.59023 56 
GWI 517 36.314068 -89.541501 54 
GWI 518 36.31222 -89.54326 31 
GWI 519 36.30618 -89.58493 50 
GWI 520 36.30324 -89.56374 46 
GWI 521 36.286966 -89.582195 41 
GWI 522 36.267709 -89.591093 40 
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GWI 523 36.261391 -89.707522 33 
GWI 524 36.243027 -89.716416 26 
GWI 525 36.2226 -89.57623 7 
GWI 526 36.2189 -89.61304 45 
GWI 527 36.21591 -89.65293 50 
GWI 528 36.213737 -89.693586 41 
GWI 529 36.210879 -89.684684 46 
GWI 530 36.210468 -89.67735 43 
GWI 531 36.209831 -89.683287 37 
GWI 532 36.208603 -89.681577 46 
GWI 533 36.207394 -89.680241 46 
GWI 534 36.206206 -89.678976 46 
GWI 535 36.204399 -89.675918 44 
GWI 536 36.194701 -89.659013 45 
GWI 537 36.194353 -89.662064 28 
GWI 538 36.181677 -89.670675 45 
GWI 539 36.174603 -89.643544 26 
GWI 540 36.152833 -89.607691 32 
GWI 541 36.149207 -89.611867 32 
GWI 542 36.126942 -89.652418 20 
GWI 543 36.113016 -89.61358 31 
GWI 544 36.11108 -89.612673 40 
GWI 545 36.105262 -89.665929 21 
GWI 546 36.083439 -89.684091 27 
GWI 547 36.051211 -89.697864 27 
GWI 548 36.047524 -89.67697 32 
GWI 549 36.03866 -89.678123 40 
GWI 550 36.005149 -89.677249 36 
GWI 551 36.001519 -89.73664 34 
GWI 552 35.97489 -89.74063 30 
GWI 553 35.974015 -89.679529 45 
GWI 554 35.952749 -89.669248 27 
GWI 555 35.94202 -89.7173 30 
GWI 556 35.92614 -89.75573 16 
GWI 557 35.92009 -89.7218 16 
GWI 558 35.915914 -89.637472 40 
GWI 559 35.90156 -89.77401 17 
GWI 560 35.895075 -89.716593 35 
GWI 561 35.886361 -89.637473 46 
GWI 562 35.87885 -89.78687 31 
GWI 563 35.876789 -89.734486 41 
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GWI 564 35.87236 -89.79989 34 
GWI 565 35.867743 -89.711433 30 
GWI 566 35.866722 -89.695511 7 
GWI 567 35.85057 -89.74776 23 
GWI 568 35.85015 -89.75088 17 
GWI 569 35.799922 -89.726497 35 
GWI 570 35.77449 -89.81063 30 
GWI 571 35.76606 -89.83759 22 
GWI 572 35.76082 -89.87726 8 
GWI 573 35.75762 -89.931 25 
GWI 574 35.75297 -89.92701 20 
GWI 575 35.743263 -89.925352 26 
GWI 576 35.739837 -89.784051 28 
GWI 577 35.739448 -89.855258 30 
GWI 578 35.738782 -89.825985 42 
GWI 579 35.72355 -89.859476 30 
GWI 580 35.721106 -89.896782 9 
GWI 581 35.717639 -89.833736 33 
GWI 582 35.717327 -89.917837 34 
GWI 583 35.71381 -89.97162 25 
GWI 584 35.708271 -89.898346 27 
GWI 585 35.705639 -89.969517 11 
GWI 586 35.684343 -89.969522 8 
GWI 587 35.672046 -89.892028 12 
GWI 588 35.65568 -89.94867 19 
GWI 589 35.64568 -89.87166 46 
GWI 590 35.6442 -89.925458 32 
GWI 591 35.64416 -89.90848 1 
GWI 592 35.641815 -89.928031 31 
GWI 593 35.62615 -89.89556 35 
GWI 594 35.61603 -89.91774 13 
GWI 595 35.572391 -89.900254 23 
GWI 596 35.54892 -89.92652 38 
GWI 597 35.510378 -89.950743 23 
GWI 598 35.509824 -89.975768 34 
GWI 599 35.283709 -90.10835 40 
GWI 600 35.279532 -90.111198 36 
GWI 601 35.213454 -90.057 40 
GWI 602 35.179304 -90.058149 45 
GWI 603 35.169392 -90.056439 43 
GWI 604 35.153144 -90.069924 34 
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GWI 605 35.153008 -90.058766 30 
GWI 606 35.14887 -90.15616 31 
GWI 607 35.148088 -90.177328 33 
GWI 608 35.146452 -90.182924 29 
GWI 609 35.133872 -90.182696 14 
GWI 610 35.133584 -90.187749 19 
GWI 611 35.131448 -90.080373 41 
GWI 612 35.130492 -90.099833 33 
GWI 613 35.130243 -90.192907 19 
GWI 614 35.129206 -90.077477 33 
GWI 615 35.125429 -90.072983 57 
GWI 616 35.1253 -90.17072 39 
GWI 617 35.121717 -90.194522 31 
GWI 618 35.112764 -90.086742 34 
GWI 619 35.111298 -90.096298 30 
GWI 620 35.092025 -90.108631 21 
 
Minnesota CWI- Minnesota County Well Index 
WGNHS- Wisconsin Geological and Natural History Survey 
ISGS- Illinois State Geological Survey 
GWI- University of Memphis Ground Water Institute 
 
 
 
 
